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PREFACE. 



Some explanation seems called for of the circumstances 
which have led me to become the chronicler to the public 
of the Yester Deep Land-culture. 

Since the improvements were begun at Tester in 1832, 
I have had many opportunities aflforded me by the Mai> 
quess of Tweeddale of witnessing the operations, while in 
progress, of thorough-draining, subsoil-trench-ploughing, 
and, lastly, the gigantic action of the steam -ploughs 
in the thorough -drained and subsoil- trench- ploughed 
land. Any one imbued with the slightest love for agri- 
culture, could not fail to be deeply impressed with the 
importance of those successive and connected operations, 
inasmuch as their results were to determine whether or 
not capital could be profitably expended on inferior classes 
of soils and subsoils. For myself, I soon foresaw, from 
the nature of those consecutive operations, the founda- 
tion of a mode of fanning so very different from what is 
in ordinary \ise that it would deserve to be called a New 
System. 



Tl FBETACIL 

The diaracterisdc disdnedoQ of the Tester system of 
hnnoBg is the Tery sabetamtud and pennaneiit natnre of 
the treatment wfaidi the land receiver It does cot like 
that pfozsoed with the common ploo^ gl^^ze the sarfaee 
and increase the adherarenesB of the finTaw-sIioe in strong 
land in a moist state; it is not the mere scarificadcHi 
whidi the grabber gires to the sor&oe soil ; it is not the 
tearing into shallow stripes whidi the ordinary sabsoil- 
plongfas effect in the snbsoil ; — ^bat it is the laying over of 
ihe surfEice soil in a deep, broad, and Inokai farrow-slice in 
immediate precedence of the oprusing of the snbsoil finom 
agreat depUi,as&r as,andno£ulherthan,tomixit com- 
pletely with any desired proportion of the sar£M» soiL 

The only object in nsing the plough, and some other 
large implements, is the pulverisation of the eurtauce soil 
and part of the snbeoiL The ordinary and the Tester 
treatment of either soil both aim to attain that object ; but 
the difference in the two methods oonsiBts of this, that 
the ordinary practice attains only an imperfect and tem- 
porary pnlverisation of a little more than the surface soil, 
7 or 8 inches deep— for subsoiling is very seldom prac- 
tised; while the Tester plan attains an effectual and 
durable pulverisation of both surface soil and subsoil to 
the depth of 22 inches. Now, the state of the subsoil 
sensibly affects the condition of the upper soiL If it be 
wet, the upper soil will also be wet ; and draining is used 
to dry both. If it be dried by draining, but left hard, 
the roots of plants meet with such obstruction in it as to 



PRBFAOB, Vll 

Stint the growth of the plants themselves. The Tester 
deep land-culture seems, therefore, on comparison, a more 
perfect system, inasmuch as the treatment of the sur&ce 
soil in connection with the subsoil is concerned with vege- 
tation ; whereas the ordinary system generally leaves the 
subsoil undisturbed beyond thorough-draining it. 

The pulverisation of the subsoil, and its mixture with 
the upper soil, is thus the keystone of the Tester deep 
land-culture. This system is as simple as it is durable. 
It cannot be conducted with the implements in common 
use, but the implements which effect it are as simple as 
those in common use. It is also a cheap as well as a 
durable operation. It is, moreover, a valuable as well as 
a cheap process. Its value may be estimated by the pro- 
ducts obtained. Those products exhibit a large increase, 
and when the previous quality and condition of the sur- 
&jce soil and subsoil are borne in mind, the increase 
exceeds the expectation of the most sanguine cultivator. 
And it is worthy of notice, as indicative of the innate 
efficacy of the Tester plan, th9,t the increase has as yet 
arisen more from fertility immediately derived from the 
changes effected in the state of the surface soil, resting 
upon a deeply-pulverised subsoil, than from that derived 
from the use of extraneous manures. These will no 
doubt render much valuable assistance in future, although 
their use must be tempered with caution, inasmuch as 
the grain crops have already begun to evince symptoms 
ofovei-luxuriance. 
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The merit of the Marquess of Tweeddale, in reference to 
the Tester improvements, consists, in my opinion, as much 
in foreseeing the good effects of deep pulverisation of the 
subsoil as in contriving the implements to execute that 
difficult process with the ease and economy with which it 
is done. My conviction is, that this system of deep 
land-culture is the most valuable — ^the most replete with 
useful consequences in the saving of labour alone — of any 
practice that has been presented to the notice of the 
agricultural community since I have had to do with 
farming. Feeling its importance thus strongly, it was 
with much satisfaction I undertook to direct public atten- 
tion to it at his Lordship's request, and I have endeavoured 
to do it in terms the most succinct, clear, unexaggerated, 
and practical I can command. 

Taking thorough-draining as the basis of all land im- 
provement, the Marquess, like a skilful cultivator, renders 
the dried ground a fitter medium for the plants of the 
farm to bring their precious products to a perfection 
which thorough-draining, of itself, could not be expected 
to effect. In common practice, the surface soil devoted 
to the use of plants seldom exceeds seven or eight inches 
in depth, and of that space a good manuring of farmyard 
dung occupies a considerable proportion. This, assisted 
by a special manure, stimulates the growth of the roots 
of the cereal plants to an expansion beyond what the 
space of soil allotted to their growth affords room for. 
Boots in a confined space, supplied with manure, become 
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crowded together, decline in health, and their growth is 
checked. The plants may still bring forward their produce 
to a fine degree of quality, but it will neither be so large 
nor so valuable as the manure bestowed and the labour 
spent on the soil would warrant the expectation of. 
Whence, then, does such an unexpected disappointment 
arise ? From the subsoil, though thoroughly dried, being 
left in a hard state. Were it in a state of pulverisation 
like the surface soil, the roots, whenever stimulated by the 
manures, would strike down in every direction into the sub- 
soil ; and the more they were encouraged in growth, the 
larger would they become ; their fibres would increase in 
numbers, and they would stretch out, and reach to the bot- 
tom of the pulverised subsoil. The crowding of the roots 
in the surface soil would be entirely avoided, and the bane- 
ful consequences of loss of health and stintedness in 
growth in the plant would be replaced by vigour of stem 
and leaves, strength of constitution, and capability to yield 
the largest quantity and the finest quality of produce. 
Were farmyard dung buried deep into the pulverised 
subsoil, and the embryo plant encouraged in the pul- 
verised surfe-ce-soil by means of a special manure, the 
limits of the growth of the entire system of the plant — 
stem, leaves, and roots — would then be only restrained by 
the power of the local climate, or the general character of 
the season. 

The rationale of the Yester deep land-culture is thus 
easily propoimded. Both theory and good practice thus 
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combine to support the value of that system. The system 
can thus only be executed at a moderate cost by means of 
the Tweeddale implements herein described. Its success 
is thus demonstrated to be the deep pulverisation of a 
thorough-drained subsoil. The surface soil is easily pul- 
verised and easily dried ; but a subsoil is not so easily 
dried nor so easily pulverised, and hence the great utility 
and superiority of the Tweeddale implements over those 

in common use. 

H. S. 



B£DBBAE Cottage, Edikbuboh, 
April 1855. 
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THE 



YESTEK DEEP LAND-CULTURE. 



On a retrospect of the progress of agriculture in 
this country, it will be found that, from time to 
time, in the course of years, agriculture has ad- 
vanced at a steady pace; and that whenever a dis- 
covery in culture effected a material change in 
practice, the change became permanent. Many 
examples may be adduced in confirmation of this 
statement. When turnip husbandry was intro- 
duced into Scotland, it not only caused a decided 
change in the treatment of live-stock in winter, 
but a permanent one in the operations of the 
field, in the establishment of the very important 
practice of alternate husbandry between grain and 
green crops. The invention of the thrashing- 
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machine effected a decided change in the treat- 
ment of the crop in the straw, and its effects 
became permanent in presenting grain in the 
market in good condition and cleanness. The 
adoption of bone-dust as a fertiliser of the soil 
greatly extended turnip culture, even into the 
hearts of the Highland glens ; and, by affording 
time in spring for cleaning the land, it secured the 
permanent extension of the culture of that in- 
valuable plant. The use of guano has greatly 
increased the fertiUty of the soil, and it has pro- 
duced a permanent conviction in the minds of 
farmers of the expediency of making a liberal 
allowance of m^ures to all growing crops. Drain- 
ing the soil had long been practised, and changes 
had been effected in the art of draining at different 
periods, but the permanent extension of thorough- 
draining was only secured when drain-tiles bj 
machinery were substituted for broken stones in 
the filling of drains, whereby much labour was 
saved. Shallow ploughing necessarily accompanied 
imperfect draining, and stone draining was neces- 
sarily limited, and therefore imperfect, by its great 
cost ; but deep-ploughing, by a parity of reason- 
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ing, being a necessary accompaniment to thorongh- 
draming, entirely altered the nature of strong soils 
and subsoils, and effected a permanent change in 
the quantity and quality of the crops grown in 
them. Chemistry, by suggesting the use of sub- 
stances, as special manures, to promote the deve- 
lopment of plants at stated periods of their growth, 
has effected a permanent change in their treat- 
ment, and has rendered permanent service to the 
feeding of live-stock by recommending the admi- 
nistration of food in such varieties and proportions 
as to suit their respective ages and condition. 

Besides such causes, the political condition of 
the country produced changes in agriculture as 
permanent in their character as any of the causes 
just enumerated. The Continental war, causing 
and maintaining high prices at the commence- 
ment of the present century, stimulated the pro- 
duction of grain to a remai-kable degree, and the 
stimulus was powerfully supported by the facility 
with which farmers obtained capital from banks, 
upon principles which afforded mutual advantages. 
On the fall of prices of grain at the peace, 
attention was as eagerly directed to easier and 
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quieter modes of rearing and fattening Kve- 
stock, as had been evinced in war in the case of 
grain ; and as the judgment and skill of Bakewell, 
the Culleys, and the Collinses, had been exercised 
in the establishing of live-stock of high blood, 
prior even to the war, the extension of high-bred 
animals became a matter of comparative ease and 
certainty. During the depressing influence of low 
prices at a stUl later period, the suggestions of 
scientific men, for increasing the quantity and im- 
proving the quaUty of grain, by means of the many 
special manures now existing for enhancing the fer- 
tility of the soil, were promptly adopted, as well as 
those for increasing the weight and improving the 
quality of live-stock by a more correct administrar 
tion of food. Those valuable suggestions may be 
regarded as the gifts of chemistry to agriculture 
within these few years. The aids of mechanical 
science were also profiered for curtailing the more 
elaborate operations of the field; and the advance 
made of late years towards the completion of a 
usefiil reaping-machine, as well as the thorough- 
draining and deep-stirring of the soil, evince the 
right use which farmers have readily made of 
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the aids and suggestions of science. Nor should 
it be omitted to be noticed that the substitution 
of rational and liberal covenants in leases, for pre- 
judiced restrictions arising from mutual jealous- 
ies, has greatly tended to change the management 
of land, for the better advancement of the interests 
of both landlord and tenant. 

It would be interesting to trace the origin of 
all the decided and permanent changes that have 
been effected in our agriculture, but the inquiry shall 
here be confined to Scottish agriculture. Turnip 
husbandry was first cultirated in driUs on a large 
scale in the field, by Dawson of Frogden, in Eox- 
burghshire, about a hundred years ago. Andrew 
Meickle of Know-Mill, East Lothian, invented the 
thrashing-machine about seventy years since, and 
its economical advantages were estimated by the 
late Brown of Markle at <f3, 600,000 aryear, — ^a 
sum which must have increased much since he 
wrote, forty years ago.* 

Bone-dust was first used in Scotland by Hugh 
Watson of Keillor, in Forfarshire, about thirty 
years since. 

* Bbown On Rural Affairs, voL L p. 332. 
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Draming was first presented to pubKc notice by 
Elkington of Warwickshire, in the removal of 
land springs, and afterwards by Smith of Dean- 
ston, in Stirlingshire, in the removal of surface 
water, by means of what he called " frequent " 
drains — ^that is, a drain in each open furrow, filled 
with small broken stones, because, at that time, 
upwards of twenty years ago, tiles were not used in 
drains in Scotland. His plan was one mode of pre- 
paring the way for thcyrough-irohmig, — ^a system 
which conforms itself to the conditions of the soil 
and subsoU, and is better fitted for drying the sub- 
soil, and thereby promoting the utility of the sur- 
face soil, than frequent draining. 

Thorough-draining was brought to a state of per- 
fection and extensively practised in consequence of 
the manufacture of drain-tiles by means of machin- 
ery, which greatly facilitated the making of drains 
at a comparatively small cost. The invention of 
the first drain-tile niachine was due to the ingenuity 
of the Marquess of Tweeddale, in 1836, since 
which period thorough -draining has extended 
itself throughout every part of the kingdom.* 

* Traruactiont of the Highland and Agricultural Society , ziL 50. 
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A more thorough cultivation of the soil and sub- 
soil, practicable only since the establishment of 
thorough-draining, is also due to that noble lord, 
by the invention of ploughs of different actions, 
which enable the cultivator to penetrate the soil 
and subsoil to a greater depth, and to mix their 
component parts more intimately than it had 
hitherto been possible with existing implements. 

Guano has in a great degree superseded the 
use of most of the special manures recommended 
by chemists before its introduction, but to liebig 
is still due the gratitude of the rearer and fattener 
of live-stock, for indicating to him in convincing 
terms the condition of the food best suited to the 
age and use of animals in winter, when they are 
entirely under the control of their owners. 

The great and permanent changes effected in 
the operations of the field in Scotland, in the 
course of a century, have thus been the field- 
culture of turnips in driUs, the extended use of 
the thrashing-machine, the thorough-draining of 
the land, the deep-ploughing of the soil and sub- 
soil, the fertilising of the soil by means of bone- 
dust and guano, a correct method of feoding Hve- 
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stock, and the amended relations between land- 
lord and tenant through the instnimentaUty of 
judicious covenants in the lease. 

The general adoption of a really useful reaping- 
machine would, no doubt, effect in the future a 
material and permanent change in harvest ope- 
rations. 

In several of these improvements the name of the 
Marquess of Tweeddale occupies a prominent posi- 
tion ; but the eminence of that position can only 
be duly appreciated after the remarkable results 
obtained by his lordship's operations have been 
particularly described, and demonstrated. The 
essential principle upon which his lordship's suc- 
cess is chiefly founded consists in deep-ploughing, 
permissible by previous thorough-draining of the 
soil and subsoil ; but as thorough - draining had 
been practised by many farmers without attaining 
the degree of success experienced at Yester, the 
principal source of Ms lordship's success must be 
ascribed to the peculiar method of deep-ploughing 
pursued there. 

It is proposed to give a detailed account of the 
means by which this species of deep-ploughing was 
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discovered and prosecuted ; for that it is entitled 
to rank as a new discovery the particulars to be 
related will soon make it so appear. And in this 
relation of facts it will also appear that such deep- 
ploughing possesses many features yery different 
from what it is supposed to consist of in its ordi- 
nary acceptation. Many difficulties and incon- 
veniences had to be encountered in working out 
this new process, like all other new processes. 
Difficulties did make their appearance, and ob- 
stacles presented themselves which could not 

have been anticipated; but the perseverance 

« 

which a settled conviction of being in the right 
path inspires, at length overcame them all, and 
crowned a continued and laborious experiment 
with a degree of success far beyond what could 
have been even hoped for by the most sanguine 
improver of the soil. 

Before entering into details, it will greatly faci- 
litate the understanding of the whole proceedings, 
were the physical configuration of the Yester 
farms made known, as also the nature of the soil 
and subsoil on them, and their elevation above 
the level of the sea, with the climate of the 
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locality. Any or all of these paji;iciilaj^ aa^ 
too little attended to by fanners when on the 
outlook for farms; and yet they constitute very 
material elements in estimating the produce of 
the soil, as well as the probable success likely to 
attend the improvements proposed to be executed 
by the new tenant. 

Now, should it appear that the physical geo- 
graphy, soil, subsoil, and climate of Yester are by 
no means naturally propitious, the success of the 
improvements effected there must be mainly 
ascribed to the excellence of the principle upon 
which the improvements are founded. 

The subject divides itself into the following 
particulars : L The physical geography and climate 
of the Yester farms ; II. The soils and subsoils 
of the Yester farms ; III. Thorough-draining the 
soils and subsoils of the Yester farms ; IV. Deep- 
ploughing the soils and subsoils of the Yester 
farms ; V. Subsoil-trench-ploughing the soils and 
subsoils of the Yester farms; VI. The Yester 
plough ; VII. Swing-trees for three and four 
horses ; VIII. The physical benefits derived from 
thorough-draining and subsoil-trench-ploughing 
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the soils and subsoils of the Yester farms ; IX. 
The economical benefits derived from thorough- 
draining and subsoil-trench-plonghing the soils 
and subsoils of the Yester farms ; X. The system 
of farming now practised on the Yester farms ; 
XL Eesults of the deep land-culture on the Yester 
farms ; XII. The working strength of the Yester 
farms ; XIIL Concluding remarks. 



L The Physical Geography and Climate op the 

Yester Farms. 

Yester, one of the estates of the Marquess of 
Tweeddale, lies chiefly within the parish of that 
name, in the county of Haddington, or East 
Lothian, as the county is more commonly called. 
The Lammermoor Hills run along the south side 
of the parish, the highest point in which, Lammer- 
law, rises to an elevation of 1718 feet above the 
level of the sea. The surface of the parish presents 
an inclined plane from the Lammermoor?, descend- 
ing towards the north. The surface is thus averted 
from the direct rays of the sun, and is somewhat 
exposed to the chilling north. Several smaH 
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streams, on descending from the hills, converge 
towards a valley at their foot ; and in the broader 
part of the valley the united streams receive the 
name of the Yester Water, a tributary of the Tyne. 
Upon a haugh of the water stands the mansion- 
house of Yester, in a lawn and park, studded 
with noble examples of trees, which have stood 
there for at least two centuries. The trees are 
very varied in their kinds ; and among a large 
number of fine individual specimens, the fol- 
lowing had attained their respective girths, at 4 
feet from the ground, in 1855 — ^namely, oak, 13 
feet 10 inches, 13 feet 6 inches, 10 feet 3 inches ; 
Scots fir, 9 feet 6 inches, with a clean stem of 30 
feet in height without a branch ; beech, 15 feet 
8 inches, 14 feet 7 inches, 14 feet 4 inches, 13 
feet 5 inches, 13 feet 3 inches, 11 feet 2 inches, 
10 feet 9 inches, some of them with stems of 60 
feet in height without a branch ; Spanish chest- 
nut, 16 feet, 12 feet 6 inches; plane, 14 feet 
3 inches, .11 feet 11 inches; larch, 9 feet 6 
inches, 9 feet 3 inches, 8 feet 4 inches. Besides 
these, nearly as large specimens of elm, ash, and 
Kme are to be found. The undulating sloping 
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grounds between the streams axe occupied \nth. 
thriving plantations of mixed wood, with an 
undergrowth of evergreens. Yester, meaning a 
strath or vale, is thus an appropriate name for the 
estate. The whole valley, with the surrounding 
grounds, trees, and waters, with the view of the 
more distant hills, forms a truly romantic, retired, 
rural scene. 

From proximity to the Lammermoor Hills, more 
rain might be expected to fall on Yester than on the 
lower parts of the county ; but the rain-gauge, placed 
on the surface of the garden, at a height of about 
450 feet above the sea, and sedulously observed 
by a confidential person, indicated a fall of 22.6 
inches in 1853, and 19.6 inches in 1854, which are 
respectively perhaps a little more than the average 
of the lower part of the county, and not more than 
for the east coast of Scotland. It may be interesting 
to give the fall of rain in each month of the year, 
dividing the year into vegetating and non-vegetat- 
ing seasons. 

The vegetating season is when the crops are in 
growth, which comprehends eight months of the 
year, from March to October. The non- vegetating 
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season is when vegetation is dormant, extending 
over four months of the year, from November to 
February. This arrangement of the months into 
seasons shows at once the amount of moisture or 
of heat which the crops receive while in their 
growing state, and it enables us to judge whether 
they have received more or less of either than 
their due ; as also that of heat and moisture 
given to the soil when the demands of vegetation 
upon it have ceased ; whereas the mere statement 
of the heat and moisture indicated in each con- 
secutive month, gives no specific information as to 
the probable effects which these should have had 
upon growing crops. 

Thus, on comparing the columns of the table 
below, it will be observed that, in August, Sep- 
tember, and October of 1853, 7.35 inches fell, out 
of 14.30 inches for the whole vegetating season, or 
52 per cent ; while in 1854, only 2.90 inches fell 
in the same three months, out of 9.70 inches, or 
only 30 per cent, thereby indicating a wet summer 
in 1853, whereas the fall by the mean of the months 
for those years, 1.88 inches to 1.63 respectively, 
gives no such information. 



FHTSIOAL OBOGRAPUY AND CLIMATE. 

• 




Vegetating Season. 






• 




1853. 


1854. 




March, 


1.66 


0.80 mches. 


April, . . . . 


1.25 


0.20 , 




May, .... 


1.20 


1.15 , 




June, .... 


1.06 


1.90 




July, .... 


1.90 


2.75 , 




August, 


2.35 


0.80 , 




September, 


1.60 


0.00 , 




October, 


3.40 


2.10 




Amount of the vegetating season. 


14.30 


9.70 




Mean of the month in the vege-") 
tating season, . . j* 


1.79 


1.21 


• 


Non-vegetating Season, 








1853. 


1854. 




November, 


0.60 


6.40 inches. 


December, 


1.00 


2.16 


»» 


January, 


aio 


1.10 


tf 


February, 


3.70 


0.25 


t> 


Amount of the non-vegetating ) 
season, . . . ( 


8.30 


9.90 


*> 


Mean of the month in the non- ) 
vegetAting season, . . ( 


2.07 


2.47 


>f 


Amount of fall in the year, . 


22.60 19.60 


ff 



15 



Mean of the montii of both seasons, 1 .88 1.63 



ff 



The residt that 4.60 inches fell in 1853 more than 
in 1854, during the vegetating season, is quite in 
conformity with the observation, that the summer 
of 1853 was a rainy one, and the grain crops were 
consequently inferior. On the other hand, the 
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fall of rain in the non-vegetating season of 1854 
was more than in that of 1853 by 1.60 inch, 
thereby compensating the groimd for the want of 
its moisture in summer, and laying up a store in 
the lower part of the subsoil, for the wants of the 
crop of the ensuing vegetating season, should it 
be then required. Continuous falls of rain from 
the south-west are here unknown. In ordinary 
seasons during winter the snow remains but a short 
time on the ground. In spring, the air is cold and 
dry when the wind is in the east. In summer and 
autumn the rainy points are the south and east, 
whHst the west wind always brings fair weather. 

The weather seldom sets in mild imtil the end 
of June. The temperature, between the night and 
day, might be expected to be extreme, so near 
the hills. The greatest disparity in 1849 was 
on the 18th April, when the night temperature 
was 13° Fahr. ; on the 27th November it was 15°, 
and on the 27th December 18°. The highest 
temperature of the day in that year was on the 
13th of Jlily, when it was 83°, succeeding the 
temperature of the preceding day of 80°. The 
mean day and night temperature of the air in the 
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shade, for the year 1849, as indicated by good 
thermometers and careful observation, wa« as fol- 
lows, dividing the year into vegetating and non- 
vegetating seasons : — 



Vegetat 
March, 


tng Sea, 


son. 

J 


Vf ean temperature 
of day and night. 
42'* 


April, 

May, 

June, 






40 
51 
54 


July, 
August, 
September, 
October, 






56 
54 
51 
44 


Mean of the vegetating season. 


49" 


Non-vegetating Season, 




Mean temperature 
of day and night. 
November, . . . 40" 


December, 


35 


January, 
February, 

1 


30 
38 


Mean of the non-vegetating seasoi 


1, 35^75 


Mean of both seasons, 


44'».58 



Difference between the two seasons, 13*^.25 



11. The Soils and Subsoils of the Yester Farms. 

The land in the Marquess's own hands consists 

of three farms — ^Yester Mains, Broadwoodside, and 

B 
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Danskine, and the Park of the mansion-house. 
Broadwoodside occupies the western division of the 
property, and is about 400 feet above the sea; 
Yester Mains the centre, where it ranges from 400 
to 500 feet and upwards above the sea level ; and 
Danskine is at the south-east comer, elevated as 
high as 750 feet above the sea. 

Yester Mains contains 504 imperial acres, divided 
into twenty-three fields of from 3 to 51 acres each. 
Much the largest proportion of the soU, before its 
improvement was effected, was naturally a poor 
thin wet moorish surface, resting on a stiff reten- 
tive sandy clay subsoil. The remainder of the farm 
having been long in cultivation, being the home 
farm of the family, was rather more loamy ; but 
its subsoil was also a poor stiff sandy clay of 
various colours — ^black, white, red, yellow, blue, 
and green, the blue being of very tenacious clay. 
Numerous stones of various sizes were found in 
the subsoil, and in many cases the boulders were 
so large as to require to be blasted into pieces, by 
means of gunpowder, before they could be removed 
from the fields. Moorband-pan was also occasion- 
ally found in the subsoil. Of this farm, 444 acres 
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have been thorough-draiiied and subsoil-trench- 
ploughed at this date (1855), the remaining 52 
acres being still undrained in two fields, while 8 
acres are occupied by the tile-work. 

Broadwoodside farm contains 228 imperial acres, 
divided into fourteen fields, of from 6 to 26 acres 
each. The soil of one half of this farm consisted 
of poor stiff sandy clay, and the other half of poor 
stiff tenacious clay. The subsoil was also of very 
poor stiff clay of various colours, and contained a 
great number of boulders, large and small Moor- 
band-pan was found in the subsoil to a considerable 
extent. Both the soil and subsoil of Broadwood- 
side were poorer and stiffer than those on Tester 
Mains. Broadwoodside has all been thorough- 
drained and subsoil-trench-ploughed. 

Danskine farm contains 235 imperial acres, and 
is divided into twelve fields, of from 11 to 40 acres 
each. The soil of one part was poor stiff sandy clay, 
and of the other, poor stiff hard clay, with patches 
of bog interspersed here and there. The surface 
sou was generaUy from 5 to 6 inches in depth, and 
7 or 8 inches would have reached the subsoil 
through the deepest part of the soil. The subsoil 
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was poor hungry clay, of various colours, and con- 
tained many stones and much moorband-pan. 
Below the stones and the pan the subsoil was of 
a more open nature than that in either Yester 
Mains or Broadwoodside. Danskine fann has all 
been thorough-drained, with the exception of a 
field of 26 acres, which is veiy rocky, as also deep- 
ploughed, but not subsoil-trench-ploughed, as the 
subsoil was deemed open enough to dispense with 
that operation. 

The Marquess thus farms 967 acres besides the 
Park. 

The moorband-pan was of two different textures, 
one fine-grained, the other coarse-grained cemented 
together in a black ferruginous matrix. They 
were found about 8 inches imder the surface. 
The fine-grained was light in colour, and formed a 
continuous bed of several yards' extent in length 
and breadth. The coarse-grained occurred chiefly 
in masses. The pan was from the thickness of 
a film to 3 or 5 inches. It yielded to the plough 
in many cases, in others it had to be broken up 
with hand-picks. On exposure to the air or frost, 
both kinds mouldered down into their constituent 
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parts, and would have easily incorporated with 
the soil, but, having risen in masses when brought 
to the surface, were carried off the fields along 
with the stones. More than one year elapses ere 
the pan entirely moulders away. 

The Park contains 426 imperial acres of grass 
and wood, the grass occupying 261 acres, including 
the lawn. The greater part of the soil in grass is 
good deep loam, on a clayey subsoil ; and the lawn 
consists, as the trees standing upon it (noticed 
above) testify, of fine deep loam, resting on a jfree 
subsoiL The Park and lawn have been thorough- 
drained. 

Tester Mains had always been in the natural 
possession of the proprietor, and was therefore 
under a more liberal system of cultivation than the 
other two farms. StiU the larger proportion of its 
fields had a poor thin wet clayey surface. The 
ridges were gathered-up high, the open farrows 
being wet for a yard on each side, so that the 
horse sank to the fetlocks, when sowing the grass 
seeds in spring, with the sowing machine. In 
spring the winter wheat was generally thrown out ; 
and so miserably deficient was the grass in most of 
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the fields, that on walking across one of them, 
onlyafewnseMplantsmightbeseen. Asapa^ 
ture, it waa not worth half-arcrown an acre. 

Taking Broadwoodside farm overhead, it was 
valued to the Marquess at 7s. an acre when he 
took it into his own hands in 1841. 

Danskine was let to three tenants, and was 
worth about 10& the acre overhead when it came 
into the Marquess's possession. 

The ridges were gathered-up high on all the 
forms, and rushes grew luxuriantly in every open 
furrow, while the entire surface was wet and 
poachy through the greater part of the year. Upon 
a soil in such a state thorn-hedges did not thrive, 
and on farms in such condition, stone-dykes and 
palings were not well cared for. Pieces of waste 
land were found in every field. 

Although the general character of the soils and 
subsoils of the three farms was such as has been 
described, it is not to be supposed that, over an 
extent of 1400 acres, a considerable variety of 
soil did not exist. There were, in truth, light 
soil as well as heavy, and sandy and gravelly sub- 
soils as well as of heavy day, and there were also 
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peaty bogs; but these bore in all but a small 
proportion to the heavy prerailiiig soU and subsoil 
Such were the subjects at Tester upon which 
the Marquess had to effect his improvements. It 
is evident that fields with such aspects were by 
no means promising subjects for the expenditure 
of capital, with the expectation of a favourable 
return, either of produce or of interest. No doubt 
much land of similar appearance remains unim- 
proved to this day, from a natural enough appre- 
hension that money would be expended on it in 
vain. It is hoped, now that the successful example 
of the Marquess of Tweeddale may be appealed to, 
that proprietors will be induced to undertake, with- 
out delay, similar improvements upon their estates. 
It must be owned, however, that had the Marquess 
undertaken the improvement of so poor a subject, 
by the methods usually employed, success might 
have been comparatively smaller than it has been ; 
but with the means really used, the improvement 
has been unequivocal, and its effects cannot be 
otherwise than permanent. It now only remains to 
describe, in a distinct manner, the plans which the 
Marquess adopted to effect his purposes, and these 
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only require to be simply narrated to show their 
reasonableness, and their practicability to attain 
the ends aimed at. The plans were of his lordship's 
own contrivance ; and they cost him not a little 
thought, much patience, and considerable expendi- 
ture of time and capital. Unpleasant concomitants 
are often the forerunners of success in new under- 
taJdngs ; and why the improvement of land, under 
a new system, should be exempt from such and 
similar inconveniences, is more than human efforts 
have a right to expect. But now that his lord- 
ship's plans are published to the agricultural world, 
what has hitherto been his own practice need be 
only his no longer. It is now in the power of every 
proprietor to avail himself of the knowledge of 
his lordship's personal experience and outlay of 
money. Let the farmer even take courage to follow 
the example set by one who, though a nobleman, is 
as thoroughly a practical farmer as himself, and who 
regards the economy of every operation as practi- 
cal farmers should do who have a rent to pay, and 
who is not satisfied that he has effected any im- 
provement in the cultivation of the soil, that 
deserves to be imitated by practical farmers, un- 
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less he has, in the first instance, proved, by means 
of ineontestible facts, that it is within the power 
of every farmer possessing ordinary means, to do 
as he has done with the same success. Fortunately 
for such a demonstration, the subjects which the 
Marquess has had to improve were naturally as poor 
as any man possesses ; for had it been otherwise, 
the success attending their improvement would 
have assuredly been ascribed to some favourable 
position enjoyed by his lordship's property. 

The Marquess is satisfied that he might have 
attained the same results over two or three rota- 
tions of crops, with less primary outlay than by 
prosecuting the operation of deep-culture in one 
rotation. His object, however, was to show, as 
soon as possible, what would be the ultimate 
result to a farmer who might choose to carry on 
similar operations gradually. 

HI. Thorough-draining the Soils and Subsoils 

OF THE YeSTER FaEMS. 

The subject which first demands attention is 
thorough-draining, which is now regarded by the 
farming world as the basis of all land improve- 
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ment, and the neglect of which renders every 
other attempt at its amendment abortiva It is 
believed that much money has been thrown away 
on such drains as have been made in many parts of 
the country, from an idea, on the part of the drainer, 
that he had gained his end when he had attained 
it at a small cost. The delusion might serve to 
tide him over a lease; but should that be re- 
newed, or another succeed to the ferm, the delusion 
would be attended with vexatious disappointment. 
Now thorough-draining at Tester differed in no 
essential particular from that with drain-tUes exe- 
cuted elsewhere ; for as to furrow-draining, and 
even thorough-draining, his lordship had seen it 
executed with drain-tiles in the neighbourhood of 
Grantham, as far back as 1807. Thorough-draining 
with tiles is, therefore, no new art in England, 
although it was introduced at a much later period 
into Scotland. No thorough-drainer should be con- 
tent until the land is made thoroughly dry, at 
whatever depths and distances of drains, and at 
whatever cost. 

Thorough-draining was begun at Tester Mains 
in 1832. The drains were dug 30 inches below 
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the bottom of the open furrows of the rounded 
ridges, which was equal to 33 inches below the 
level surface of the ground, and they were placed 
18 and 30 feet apart The main-drains were 4 feet 
deep. Both classes of drains were bottomed with 
horse-shoe tiles and soles, made at the tile-work 
at Yester Mains. The drains at 30 feet apart 
were first filled to the surface with gravel above 
the tiles, with the view of assisting the drawing of 
the water, but it was soon discovered that the sur- 
face earth returned into the drain answered equally 
welL The drains at 18 feet apart dried the land 
more than those 30 feet apart ; but those 30 feet 
apart, in general, drained the land sufficiently well. 
It should be borne in mind that deep-ploughing 
assists in the thorough-draining of land to a mate- 
rial degree, both in quickness and efiectiveness. 
When drains were dug to tap springs, they were 
taken to the depth of from 1 to 1 5 feet. Where the 
stones were numerous in the subsoil, and the soil 
was very wet, the surface was observed to have 
subsided to the extent of 6 inches when the drains 
were 3 or 4 feet deep, and to 9 inches when they 
were 6 or 8 feet deep. 
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At Broadwoodside thorough-draining was begun 
in 1842, and the drains were dug to the depth 
of 30 inches in the hollows of the open furrows 
between the high-backed ridges, and 33 inches 
on the crown of the ridges. The drains were 
placed at 15 to 18 feet apart. The main-drains 
were dug 4 feet deep. Tiles and soles were used 
in the bottom of the drains, and the surface earth 
was returned upon them with the spade. The 
subsoil, which was very bad, was spread over the 
surface of the ridges, to allow it to be incorporated 
with the soil This farm has been thoroughly 
dried by means of those drains, in conjunction with 
subsoil-trench-ploughing. 

At Danskine thorough-draining was begun in 
1845, and the drains were separated 18 feet 
apart, and dug 30 inches deep in the bottoms of 
the open furrows, between the high gathered-up 
ridges. The main-drains were dug 4 feet deep. 
The drains were provided with tiles and soles, and 
the surface earth returned above them, and in 
the main-drains stones were placed above the tiles, 
part of the numerous stones being thus got quit of 
The subsoil was as hard in every case on this farm 
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as to require loosening with the hand-pick. Boggy 
parts were drained with cuts of 12 feet in depth 
in some places. This farm has been completely 
drained by these means, assisted by deep-plough- 
ing without subsoil-trench-ploughing, which may 
be accounted for from the circumstance, that 
although the subsoil was as hard as to require 
hand-picking, and it contained, moreover, much 
moorband-pan, the lower subsoil was of free- 
drawing texture. 

On the three farms 881 acres have been thorough- 
drained. 

The cost of thorough-draining at Yester cannot 
differ much from other places where tiles are near 
at hand. Where the drainer is also the maker of 
the tiles, he obtains them at the cost price ; and, 
calculating them at that, the entire cost of the 
thorough-draining stands thus per imperial acre : — 

Gutting drains at 18 feet apart and 30) £9 8 5 

inches deep, at4Jd. per rood of 6 yards,) 
Cost of tiles and soles from the tile- work, 2 8 
Carting the tiles from the work, and re- 'j 

turning the surface earth into the I 13 .1 

drains, j 

Making the cost of draining the imperial acre, £5 9 6 
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IV. DEEP-PLouoHma the Soils and Subsoils op 

THE Yesteb Farms. 

Before deep-ploughing of any kind was prac- 
tised at Yester, the common furrow depth was 6 
or 8 inches, and latterly it was increased at Yester 
Mains to 10 inches. Both these depths were 
reached by the common plough of the country, 
drawn by two horses. With three or four horses, 
it might go as deep as 12 or 14 inches ; but 
such was the strain upon the ploughman's arms 
that he was unable to retain it in its position, 
because it was unable to clear itself of the fur- 
row-slice, having a constant tendency to come 
to the surface, in spite of the strenuous exer- 
tions of the ploughman to prevent it, and to 
whom the labour of holding it, in the circum- 
stances, became really oppressiTe,^8 it also was 
to the horses, which, on the plough meeting with 
the obstruction of a stone, were continually tear- 
ing their harness, breaking the swing-trees, and 
sometimes the plough itself, and fatiguing them- 
selves to the danger of their health. The East 
Lothian plough was employed at Danskine after 
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the improved one hereafter described had been in 
use at Broadwoodside. The ploughmen went on 
for some months ploughing to the depth of 14 
inches ; but, finding the labour severe, they them- 
selves suggested the use of the Broadwoodside 
plough. The latter was accordingly substitued, 
and the work of deep-ploughing at Danskine has 
gone on since with great ease both to men and 
horses. It was thus evident, for the purpose of 
deep-ploughing,, that some alteration was required 
to be made in the form of the mould-board of 
the common plough, in order to enable it to clear 
itself of the furrow-slice. On consideration of its 
form, it was clear, that as long as it was such 
as to receive an upward pressure from the fdr- 
row-slice, the plough would be raised towards the 
surface of the ground ; and also, if the furrow-slice 
did not fall away by its own weight from the ear 
of the mould-board, it would necessarily remain 
as an obstruction against the plough making a 
passage for itself. Taking this principle as a 
guide, such an alteration was suggested in the 
form of the mould -board as was deemed ade- 
quate to attain the great end aimed at — ^namely. 



i 



32 TESTER DEEP LAND-CULTURE. 

the descent of the plough to the depth of 14« 
or 15 inches, with a power of clearing itself, at 
that depth, of the fiirrow-slice. 

It was conjectured that a convex form of mould- 
board would eflfect the purpose, and it was con- 
structed in the foUowing manner : A mould-board 
of convex shape was formed of wood. Veneers of 
wood were nailed on this mould-board where it 
was thought the mould-board was too lean, and 
the wood was reduced where the mould-board was 
thought too fiilL The grieve, mechanic, and 
ploughmen, were then consulted as to their idea 
of the form of the mould-board; and on their all 
agreeing, the plough was used with the wooden 
mould-board. When the form of the wooden 
mould-board was approved of on trial, a sheet of 
lead was laid on it and beaten into its shape. A 
casting of iron was then made from the leaden 
mould, and the iron mould-board was tried on the 
plough. Alterations to eflfect the purpose in view, 
imder the guidance of the above parties, were car- 
ried out; and by repeated trials in this fashion, at 
least twenty in number, a mould-board that could 
lay a furrow-slice according to the model was at 
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last attained. The Marquess is of opinion that 
this is the best way for a sound practical conclu- 
sion to be arrived at in such matters. 

The model furrow-slice was obtained by the 
experiment of digging a furrow with the spade, 
and laying a furrow- slice ia such a position as 
was wished to be done with the mould-board of 
the plough. The wall of the furrow was cut per- 
pendicular, and the floor made flat. A form of 
mould-board that fitted the space prepared by the 
spade was accordingly made of wood, and its prac- 
tical eflfect was immediately tested, as described 
above, and one modification in it after another 
was suggested, with so much perseverance, that 
the altered mould-board was worked with in the 
forenoon, while the suggested modification was 
made on it in the afternoon, arising from the trial 
of the alteration in the course of the forenoon. 
Thus a form of mould-board was ultimately ob- 
tained which allows four horses to draw the 
plough through soil of the same description at the 
depth of 15 inches, with as much ease to men and 
horses as the common plough is drawn at the 

depth of 10 inches with two horses. The secret 

C 
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of the matter seems to be, that the improved 
mould-board, instead of pressing against the fdr- 
row-slice, separates it at once from the land-side 
with its breast, which is the only point of resist- 
ance, and causes it to slip along a straight inclined 
plane, from the point of the sock to the ear of the 
mould-board, and on reaching which it falls away 
by its own gravity. Friction against the mould- 
board is thus in great measure avoided. No 
dynamometer is required to demonstrate the ease 
with which both men and horses evidently exe- 
cute this deep - ploughing. The deep -plough, 
with four horses, clears a furrow of 15 or 16 
inches in depth, and 14 inches in breadth. It cuts 
the farrow square on the land-side, and makes its 
sole flat and smooth. Two men go with the plough 
when four horses are employed in it. One man 
holds it with the same ease as he would a 
common plough ; and the two men dividing the 
time of the yoking between them, the labour to 
each in the course of the day is not so fatiguing 
as in a day's work of common ploughing. To 
show the ease of holding this plough, some men 
can temper the irons so as to enable it to go from 
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20 to 30 yards without any one holding the stilts. 
It ploughs an imperial acre in the course of a 
working day of ten hours. It has ploughed 20 
acres in eighteen days. 

His lordship prefers the beams and stilts to be 
made of wood instead of iron, because wood is more 
elastic and firm, and will return to its form after 
encountering a concussion against a stone; whereas 
an iron beam is permanently altered when it 
happens to be warped out of its ordinary form. 

By the introduction of this plough, the Mar- 
quess has rendered the most important service to 
agriculture, inasmuch as the implement seems to 
be the most effective trench-plough hitherto brought 
out, as weU as the most effective forerunner for 
any species of subsoil-ploughing. 

Four horses are yoked to this plough by means 
of two sets of plough swing-trees — one pair of 
horses in front of the other, the front pair draw- 
ing by a chain attached to the bridle of the plough. 
Three horses are sometimes yoked abreast by means 
of compensation swing-trees. Two horses are 
yoked in the ordinary way when a shallow furrow 
of 8 or 10 inches is wanted for certain purposes. 
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In going up-hill, four horses can easily take a 
furrow of 15 inches in depth, and one of 16 
indies in coming down-hill. Even three horses 
abreast can do the same work in light soil and 
subsoil 

His lordship was induced to try the Jersey 
plough for deep-ploughing, before setting to work 
to construct his own plough. One was sent him 
by Colonel Le Couteur for that purpose, but it 
could not reach 15 inches deep without six horses, 
even in favourable soil. 

It is necessary to give a figure and detailed 
description of this plough intended for deep- 
ploughing, appropriately named the Tweeddale 
Plough, in order not only to show its form, but 

Fig. 1. 




The Tweeddale Plough. 

to enable any implement-maker to construct its 
mould-board, which is its principal part, correctly, 
from the description about to be given. 
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Agreeably to the Marquess's opinion that wood is 
still the most suitable material for the construction 
of the framework of ploughs for deep-ploughing, 
the Tweeddale plough is so constructed. Its parts 
are of considerable strength, and its whole dimen- 
sions greater than ploughs of the common sort. 
The length of the beam, from its insertion at a, 
fig. 1, to the point 6, is 6 feet 9 inches; the 
length of the main stilt, from a to c, is 5 feet 6 
inches ; and the extreme length, in a straight line, 
from 6 to c, is 11 feet 8 inches. With the excep- 
tion of these dimensions, the mould-board is the 
chief point in which it differs from other ploughs. 
The sock of this plough is of the East Lothian, or 
Small's original form, meeting the mould-board in 
the line d /, corresponding to that which would 
cut 4 or 5 inches from the nose of the Wilkie 
and the Currie mould-boards. Were a straight- 
edge applied from the breast d, to the utmost bulge 
of the mould-board at h, it would touch the plough 
in every point along its edge, — ^that is, from g to h, 
fig. 2. Fig. 2 represents the mould-board by a 
series of transverse sections or vertical planes, 
cutting the body of the plough at right angles to 
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the laud-side. The letter a represents the beam 
of the plough so cut across, and the line a g b 
the land-side of the plough, bfc being the plane 



Fig. 2. 




of the sole. The line d e is the top edge of the 
mould-board. The first sectional h]ie,fg, is the 
front edge of the mould-board, where it joins with 
the sock, which is here supposed to be cut across 
by the section gbf. The succeeding lines show 
that, in the breast or fore parts, the surface of the 
monld-board is very flat, resembling the west of 
Fifeshire ploughs. As these lines recede by 3 
inches each towards d, which is the ear of the 
mould-board, it will be seen that they become 



DEEP-PLOUGHING. 39 

more and more curved, giving a barreUed shape 
to the extreme back parts, thus differing largely 
from any other mould-board known in Scotland. 
The extreme length of the mould-board, from a to 
d, is 38 inches ; its height in the fore part, when 
in work, from the sole line / to e, is 16 inches, 
and at the back, from c to d, 18 inches ; its ex- 
treme spread measuring from the land-side at g to 
h, 20 inches, in a straight inclined plane, making 
the furrow 14 inches in width. 

This plough always works with great preci- 
sion, cutting a right-angled furrow-slice 16 inches 
deep, and 14 inches wide, leaving a clean flat- 
soled furrow — a point which his lordship is 
strenuous in enforcing on the minds of the 
ploughmen. But the furrow- slice, in place of 
being turned over in an entire form, as by our fine- 
working ploughs, is only so far turned and at 
the same time broken, as serves to present the 
soil in the best possible state to the ameliorating 
effects of atmospheric influences. In this respect 
the Tweeddale plough stands unequalled ; and 
since the extinction of the old Scottish wooden 
plough, no Implement has approached the point to 
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which this has attained, for enlarging the extent 
of sTu^ce exposed to the attuosphere. 

As the form of the mould-board of the East 
Lothian plough was found nnsulted to deep- 
ploughing, it may be satisfactory to give a figure 
of its mould-board, under a series of vertical sections 
cut by planes at right angles to the land-side of the 
plough, at 3 inches asunder, as has been done 
in fig. 2, in reference to the Tweeddale plough, as 
also the position of the fiirrow-alice laid over by the 



Series of Sectional 




East Lothian plough, in order to show the pressing 
frictional action of its mould-board upon the furrow- 
slice. The letter a represents a section of the beam ; 
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a gb the land-side of the plough ;bfmc the base- 
line of the furrow ; d e the top-edge of the mould- 
board; and/ 6 gr the section of the junction between 
the neck of the sock and the mould-board. The 
lines from fg to h d represent the diflferent points 
of section of the mould-board, at 3 inches apart, as 
in fig. 2. The rectangle i k I m represents the 
transverse section of the furrow-slice as finally de- 
posited by the mould-board, by which it will be 
seen that the outer surface of the mould-board d h 
presses against, or indents itself upon, the upper 
fe,ce of the furrow-slice i Aj, so as to create much 
friction, and obviously to press against it, and 
which pressure explains the reason why the mould- 
board is prevented from going deep into the soi* 

V. Subsoil-trench-ploughing the Soils and Sub- 
soils OF THE YeSTER FaRMS. 

Easily as the Tweeddale plough penetrates into 
the ground to the depth of 15 or 16 inches, and 
admirably as it clears itself in its passage through 
the ground, it did not realise all the ideas the 

* Stephens' Book of the Farm, vol. i. p. 448, and Plate IX. 
fig. 112. First edition. 
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Marquess had entertamed of the benefit to be de- 
rived from deep-ploughing thorough-drained land, 
or from converting a poor various-coloured subsoil 
into a soil serviceable to the roots of cultivated 
plants, as long as the stirred ground rested on a 
compact tenacious clay, so near the surfEice as 16 
inches. This plough is capable of going much 
deeper than that, by the application of increased 
power, as his lordship's steam-ploughs have proved ; 
but it would have been imprudent to have de- 
scended beyond 16 inches into such a subsoil with 
the action of the ordinary plough, inasmuch as it 
would have brought too large a proportion of the 
bad materials at once to the surface for cultivated 
vegetation to encounter. Another implement than 
the plough had therefore to be sought for, and a 
choice was open betwixt two such already existing, 
in the form of a subsoil-plough, and of a grubber. 
The action of neither of these classes of imple- 
ments, however, would serve the purpose wanted, 
which was not only to stir the tenacious party- 
coloured subsoil below the 16-inch furrow, but at 
the same time to mix it with a large proportion 
of the surface-soil, thereby rendering innocuous a 
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subsoH which would otherwise have proved dele- 
terious to vegetation. As no implement existed 
which could perform both these operations, one 
had to be contrived to attain both. His lord- 
ship set to work, and soon produced the most 
efficient trench-plough that has ever yet appeared; 
and, like all really useful implements, it is simple 
in its construction. It is founded on Read's four- 
wheel subsoil-plough, as improved by the late Mr 
Slight; but as that is worked with only two 
horses, it did not come up to the expectations 
of his lordship in respect of depth of farrow. 
Nevertheless the ease with which it is managed, 
and the efficacy of the work it performs, as fer as 
it goes, are satisfactory. The inventive faculty 
of the Marquess soon converted it into the Tweed- 
dale SUBSOII/-TRENCH-PLOUGH, by the substitution 
of a new sock and inclined plane for the old share. 
In general terms, it consists of a broad sock, whose 
sole is 2 inches narrower than the breadth of the 
bottom-furrow of the Tweeddale plough, and fur- 
nished in front with feathers, which spread 2 inches 
broader than the breadth of the same furrow. It 
is necessary to bear in mind the furrow formed by 
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the Tweeddale plough, as the trench -plough is 
made to act in concert with it. The immediate 
eflfect of the broad-feathered sock, operating on the 
subsoil, is to cut the furrow-sole smooth and en- 
tirely flat, in order that no hard ridglets of the 
subsoil shall be left standing on the bottom of the 
furrow. The bottom-furrow thus cut smooth and 
flat, at least 19 inches below the surface, the loose 
subsoil raised from it is carried along the sock in 
an inclined plane, in an upward direction, to bring 
it within reach of the surface-soil. When it has 
reached the top of the inclined plane, by which it 
has been elevated 9 inches above the bottom- 
furrow, it faUs over its end and sides, bringing in 
its fall a portion of the surface-soil, and both are 
commixed before reaching the bottom of the fur- 
row, to fill up the void continually forming under 
the inclined plane or taQ-board in its passage 
through the subsoil. So intimately are the soil 
and subsoil thus commixed, that on digging 
pits through the ploughed and trenched soil and 
subsoil with the spade, there is an immediate 
alteration, but in a year or two afterwards the 
mixture seems all upper-soil, and the subsoil to 
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have disappeared. The distinction can only be 
observed when the subsoil happens to be of an 
uncommon colour — as bright red or yellow; when 
blue, green, black, or grey, these colours in the 
mixture are not discernible. Land so trench- 
ploughed in autumn or early winter is observed 
to be greatly altered and improved by the spring. 
The immediate effect of this mode of subsoil-trench- 
ploughing is to pulverise the entire ground to the 
depth of both soil and subsoil. The soil and sub- 
soil are more intimately mixed by this mode of 
subsoil-trench-ploughing than by the spade, and 
the reason is easUy given. The subsoil-trench- 
plough raises up a portion of the subsoil by 
degrees, and rubs it against a corresponding por- 
tion of the upper soil, laid over in the furrow- 
slice by the plough that has gone before ; and, 
on the subsoil losing the support of the inclined 
plane of the subsoil-trench-plough, both sorts of 
sou fall together over the end and sides of the 
incline upon the bottom-furrow ; whereas, when 
soils are mixed in trenching, by men, with the spade, 
masses in spadefuls are placed together side by 
side, and not innumerable small portions of mixed 
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loose mould. A great diflference exists between 
a mixture of spadefuls and that of loose mould. 

It is as necessary to give a figured and detailed 
description of the subsoil-trench-plough as it was 
of the deep-ploughing Tweeddale plough. 



Fig. 4. 




The Tweeddale Subsoil-Trench-Flough. 

Fig. 4 represents the Tweeddale subsoil-trench- 
plough, with its one wheel. This subsoiler had at 
first four wheels, placed like those in Bead's sub- 
soil-plough, but one wheel was only retained, 
because the clods, falling to the bottom of the 
fiirrow in the passage of the Tweeddale plough, 
came in the way of the middle set of wheels, 
which, on surmounting the clods in its way, 
elevated the subsoiler out of its course. The 
one wheel in front answers every purpose of 
keeping the subsoiler at a regular depth of furrow. 
But the grand and important alteration effected 
upon Bead's subsoiler by the Marquess consists in 



SUBSOIL-TRENCH-PLOUGHING. 



47 



the sock and its appendages. These comprehend 
the shank or coulter a b, the sock or share 6 c, 
attached to it, and the inclined plane or tail- 
board b d, also attached to the coulter. The 
coulter is a bar of the best scrap iron^ about 
2^ feet long, and 3^ inches broad, and 1^ inch 
thick. At bottom it is forged with a flange, 
fitted to receive the attachment of the body of 
the sock, and fastened by three screws, so that it 
may be taken off and repaired. To the hind part 
of the sock the tail-board is fixed by clamp and 
screw-bolts. 



Fig. 5. 



Pig. 6. 
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Plan of the Sock of the Tweed- 
dale SubBoil-Trench-Plough. 



Elevation of the Sock and 
Shank of the Tweeddale 
Subsoil-Treneh-Plough. 



Pig. 5 is a plan view of the sock and its tail- 
board ; a is the place of insertion of the coulter ; 
the length of the body of the sock from its junction 
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at b c, with the tail-board b c g h,to the front d, 
is 24 inches, whilst its extreme breadth is 14 
inches, but the latter dimension is increased by 
the addition of a steel-cutter e f on each side to 
about 16 inches. These cutters are fixed with 
screw-bolts, having counter-sunk heads, to the 
edges of the sock below ; and, as they are the 
members most subject to wear, they are thus 
eaaily removed for repair or renewal. In cross 
section, the sock has a decided convexity on the 
upper surface and concave below. The taU-board 
b c g k,lS inches in length, and 7 inches broad, 
is fixed to the hind part of the sock by means of a 
clamp and screw-bolts — ^the clamp being placed 
underneath, so as not to prevent any obstruction 
to the action of the sock in passing through the 
subsoil. This is the most important member of 
the arrangement, and requires to be duly formed 
and placed. In its cross section it is about half 
9n inch thick, formed with a slight concavity on 
its upper surface, for the purpose of more readily 
preventing too large a portion of the surface-soil 
descending to the bottom of the furrow. The 
inclination of the tail-board may be varied accord- 
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ing to the amount of intermixture of soU and sub- 
soil that the farmer may approve of ; but in the 
present ease it is attached with an elevation of 
9 inches at the hinder end, above the plane of the 
plough's sole. 

A geometrical elevation of the coulter and sock 
is seen in fig. 6, where e d is the near edge of the 
sock, and e g that of the tail-board, the upper line 
in the former and the lower line in the latter 
indicating their convexity. In this figure is also 
exhibited the shield i, applied to the sides and 
front of the coulter or shank of the sock. It m 
formed of cast iron and tempered iron, embracing 
the shank, and terminates forward in the line h i, 
in a sharp cutting edge. The object is partly to 
defend the coulter, but chiefly to cut with facility 
the slice of subsoil as it rises on the sock into two 
ribbons, which, as the implement passes on, are 
elevated on the tail-board. The shield is fixed to 
the coulter by means of the box k, which is passed 
down upon the shank tiU it presses upon the shield, 
and is there secured by the screw-bolts, the heads 
of which are seen in the figure in front and back 
of the shank. 

D 
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In employing the Tweeddale plough and sub- 
soil-trench-plough in deep-ploughing, the plough 
goes first with its four horses, and the subsoil- 
trench-plough, with its four horses also, follows 
with its wheel moving upon the bottom farrow 
of the plough. Fig. 7 shows the relative positions 

Fig. 7. 




of the two ploughs, where b is the plough going 
before, making a furrow 15 or 16 inches in depth 
from etod,ee being the line of surface, and laying 
over a furrow-slice containing partly surface-soil 
and partly subsoil ; and where the subsoil-trench- 
plough a follows with its wheel, on the bottom 
of the plough-furrow d, making a furrow 4, 5, or 
6 inches deep, and raising the subsoil over the 
tail-board c, and completing a furrow of from 19 
to 22 inches in depth from e to c. Thus this 
subsoil-trench-plough affords all the requirements 
of a perfect trenching to the ground, namely, to stir 
the subsoil eflfectually under the level of the plough- 
furrow, to retain the chief portion of the subsoil in 
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the fonn of mould in its original place, and to mix 
any required proportion of the subsoil converted 
into mould with the original surface-son. 

This mode of treating the soil and subsoil by 
means of these two ploughs has a great and remark- 
able immediate effect upon clay soils, and hard and 
tenacious clay subsoils. The upper soil being dry, 
which it should always be when subsoil-trench- 
ploughing is to be executed, on being mixed with 
the damp subsoil below, the latter becomes imme- 
diately drier, and both soon assume a uniform degree 
of moisture. One point of excellence in the work 
performed by these ploughs is, that, on removing 
the ploughed surface-soil with the spade, the fur- 
row-sole is found to be flat and even ; whereas the 
sole left by ordinary subsoil-ploughs, such as Smith's 
and Eead's, is ribbed. On the supposition that a 
field is subsoil-ploughed at right angles to the 
lines of the drains on inclined ground, such ridglets 
would tend to interrupt the flow of water towards 
the drains, while a flat sole would rather facili- 
tate its passage. Another advantage is, that ordi- 
nary subsoiling is recommended, because the air is 
admitted to the subsoil which is kept below, and 
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only brought up, if ever, after it is supposed to have 
become ameliorated by the air ; whereas by the sub- 
soil-trench-ploughing, the subsoil is at once mixed 
with the upper soil, and is thereby rendered usefcd 
as so much additional fresh soil 

Most people who have witnessed this subsoil- 
trench-ploughing on the Yester farms believe that 
the mixing of the surface soil with what appeared 
to them a bad party-coloured subsoil, would poison 
the surface soil for the fature, and on this supposi- 
tion a very general prejudice has been raised against 
the operation amongst farmers. Such apprehension 
might reasonably be entertained, on bringing up a 
large proportion of subsoil in undrained land prior 
to the sowing of a white crop; but retaining such 
an apprehension against the subsoil of thorough- 
drained land, at a proper period of the rotation 
— ^namely, prior to a green crop — is mere pre- 
judice, because it is not sanctioned by experience. 
On the contrary, experience has proved the innocu- 
ous state of the subsoil in those conditions. For 
two seasons the young grass seemed to suflTer on 
Yester Mains, and the injury was ascribed by the 
work-people, in consonance with the common pre- 
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judice, to too large a proportion of the subsoil 
being brought up at once; but in reality it was 
rather to be imputed, in both seasons, to the 
want of time that should be allowed for the assi- 
milation of the soil and subsoil, and also in a 
great degree to the want of a suflScient quantity of 
manure. The apprehension of injury arising from 
a bad subsoil is more prevalent in England than 
even in Scotland ; but the feeling has certainly 
been engendered and maintained by the injudicious 
employment of the subsoil of undrained land. 
Where any oxide of iron exists in the subsoil of 
undrained land, it is in the state of a protoxide, 
which is soluble in water, and is always injurious 
to vegetation ; but whenever land is thorough- 
drained, the protoxide is converted into peroxide, 
by the action of the air, and, being insoluble in 
water, is rendered innocuous to vegetation. 

Hitherto the undisturbed action of subsoil-trench- 
ploughing has engaged our attention, but in dealing 
with such ground as was found on the Yester farms, 
many obstacles presented themselves in the course 
of prosefcuting that in itself laborious operation. 
Of the two implements themselves, the plough was 
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the harder upon the horses, because the horses in the 
subsoil-trench-plough walk upon the finn bottom- 
furrow left by the plough, but on the plough suc- 
ceeding the subsoil-trench-plough in the next bout, 
the bottom of the trenched furrow is not firm but 
loose, and the footing is consequently soft amongst 
the mixed soil and subsoil for the two horses of the 
plough which have to walk upon it. The plough, 
besides, has to turn over a very heavy furrow-slice, 
16 by 14 inches. 

The most annoying obstruction to both ploughs 
is the occurrence of boulders. At first, ere men 
or horses became accustomed to the exigencies of 
subsoil-trench-ploughing, whenever a boulder was 
encountered sufficiently large to stop the progress 
of the ploughs, the horses naturally pressed for- 
ward, the men rather encouraging them than 
otherwise, and the consequence was, breakage of 
harness, of swing-trees, or of part of the plough. 
Hence vexation and delay ensued, while the horses 
were sweating profusely and fretting. Such scenes 
might be expected to occur every day, while the 
ploughs were being emended by experimAit to the 
perfect forms they acquired. But every sort of such 
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uneasiness was put an end to on the completion of 
the ploughs, and on the horses being better guided. 
The horses were allowed to take their own way of 
overcoming the difficulties as they occurred, instead 
of being driven. Ever after, when they were ob- 
structed by a stone, they yielded at once to the 
obstruction, and stood stilL A mark was then 
made in the ground by the ploughman with his foot 
where the stone was to be found, and, in the mean 
time, the ploughman, pressing upon the stilts, caused 
the plou^ to slip over the stone on the horses 
moving forward. Por the purpose of removing the 
marked stones, one man was appointed to follow 
the ploughs, and to turn out every one which was 
too large for the preceding plough to bring to the 
sur&ce, or the subsoil-trench-plough had left, by the 
help of spade, pick, or pinch. One of the ploughmen 
assisted the man in turning out the larger stones ; 
and when a very large boulder was encountered, a 
man was desired to bore a hole in it with a jumper, 
and blow it to pieces with gunpowder, or to bury it. 
It may easily be conceived that the removal of 
many boulders from the subsoil was attended with 
much annoyance and waste of time ; and their pre- 
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-sence certainly very much increased the expense, 
especially in reference to time, of deep-ploughing 
the soil The delay occasioned by the removal of 
the boulders was the more annoying to the Marquess, 
inasmuch as he was desirous of deep-ploughing the 
soil by means of steam machinery ; and it is ob- 
vious, that as long as large stones should be met 
with in the subsoil, by the steam-ploughs going at 
a higher speed than horses, the ploughs or steam 
machinery would inevitably be broken when the 
stones did not give way. No doubt means could 
be used in the machinery to evade the danger of 
breakage ; but the delays occasioned in removing 
the stones would be highly objectionable while 
costly steam-machinery was employed. It was 
therefore requisite that every stone should be re- 
moved from the depth of 1 6 inches before the steam- 
ploughs could be employed to plough to that 
depth. Where no boulders exist, deep-ploughing 
may be prosecuted with comparative ease, celerity, 
and cheapness, on every class of soils and subsoils. 
The labour of subsoil -trench -ploughing was 
severe upon the horses, but in no degree to injure 
their health and limbs. Most of the horses yet 
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remain on the Yester fanns which did this heavy 
work, and several have attained to seventeen, 
eighteen, twenty years of age, and upwards. The 
comfort of the horses was much enhanced by having 
the hair clipped off their bodies. The clipping was 
performed by professional men, two of whom could 
clip three horses arday. The horses received 3 lb. 
of oats eictra while in the subsoU-trerich-plough, 
and they had hay at night instead of straw. The 
men at first had much trouble with the boulders, 
but they soon learned the mode of easing their 
own part of the labour when encountering such 
obstacles. They now much prefer to work with 
the Tweeddale than with the common plough; 
and the horses are in no respect more oppressed 
than in it ; whHe they turn over, in proportion to 
their number, a much greater quantity of earth 
in cubical contents in the course of a working day. 
This is a good criterion of the ease afforded by the 
Tweeddale ploughs both to men and horses. In 
subsoil-treuch-ploughing an imperial acre in a day 
of ten hours, with a furrow of 14 inches in width, 
the speed on walking constantly for that time 
would not exceed 1245 lineal yards an hour ; but 
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as the walk was somewhat less than the speed of 
ordinary ploughing, which is rather more than 
1900 yards an hour, there was plenty of time 
afforded for breathing the horses, and assisting the 
man in turning out stones. With regard to the 
dimensions of the furrow-slice turned over by 
the Tweeddale plough, one 14 inches wide and 16 
inches deep gives a sectional area of 224 square 
inches with four horses ; while the conmion plough, 
with two horses, on making a large furrow of 10 
inches in width and 8 inches in depth, turns over 
a furrow-sUce whose sectional area is only 80 
square inches, which are equal to 160 square 
inches for four horses. The 160 square inches 
are still 64 square inches less than the area turned 
over by the Tweeddale plough with four horses. 
In estimating the weight of earth turned over 
by the Tweeddale plough and two of the common 
ploughs, with four horses respectively, the propor- 
tion is 224 to 160, — ^that is, more than 30 per 
cent in favour of the Tweeddale plough. 

The stones were carried off the ground by means 
of carts and sledges, and used for road metal or 
main-drains. The last field subsoil-trench-ploughed 
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at Broadwoodside had so obdurate a subsoil as 
to require three pairs of horses to each plough. 
Subsoil-trench-ploughing was begun to be prac- 
tised at Broadwoodside in 1848, at Yester Mains 
in 1849, and at Danskine also in 1849. The 
horses at Danskine were yoked three abreast, 
with equalising swing-trees, as the ground there 
was found to be more easily ploughed than on the 
other two farms. 

Besides boulders, deep-ploughing encountered 
the obstruction of moorband-pan, of which a con- 
siderable quantity was found in most of the fields 
on the Yester farms. The fine-grained moorband- 
pan was the most difficult to remove, being of con- 
siderable extent, 4 or 5 inches thick, and about 8 
inches under the surface. In many cases it had to 
be cut through on the land-side of the farrow with 
the mattock, before it could be broken up and 
brought to the surface by the ploughs; but the 
thinnest parts were easily so. The coarse-grained 
kind was brought up by the plough chiefly in 
isolated blocks. Both kinds were found mostly in 
the wettest parts of the fields, and on the removal 
of the moisture the tendency to their re-formation 
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has been completely subdued. They were carried 
off the ground with the stones. 

The stirring of the ground to the depth of 19 
inches seems an efficient assistance to thorough- 
d,^ in pacing w«e, to th.d^;.dL 
depth, too, renders the materials of a drain safe 
from the contact of the implements used in culti- 
vation, even when drains do not exceed 30 inches 
in depth below the hollow of the open furrows, or 
33 inches below the crowns of the old gathered-up 
ridges. 

Drain tiles and soles occupy about 6 inches of the 
depth of a drain, drain-tile pipes 3 inches ; so the 
former, together with the depth of subsoU-trench- 
ploughing, 19 inches, leave about 8 inches of mould 
between the draining materials and the lowest 
line of the passage of the implements used in cul- 
tivation. The 8 inches above the tiles is not more 
than what prudence would desiderate, and in allow- 
ing for the subsidence of the soU in consequence of 
thorough-draining and the removal of boulders, it 
is not more than requisite ; but practically, no 
drams have been injured on the Tester farms by 
the deep-ploughing ; and now that drain-tile pipes 
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are universally used in draining, there is little 
likelihood of any such injury occurring in any 
case. The deeper the drains the safer they are. 

The action of the Tweeddale plough and subsoil- 
trench-plough is applicable to all classes of soils 
and subsoils. Upon the top of a rocky stratum, 
they can pass as well as any other plough or sub- 
soil-plough ; but in such a position, subsoiling is 
inadvisable. In clay, sandy, and gravelly sub- 
soils, the subsoil-trench-ploughing may be exe- 
cuted in an efficient manner. Flat laminated 
boulders in gravelly subsoils are the worst to 
dislodge. 

The cost of subsoil-trench-ploughing is easily 
ascertained. The work of four ploughmen, with 
four pairs of horses, receiving oats and hay more 
than usual, would be faUy estimated at 12s. a-day 
for man and pair of horses, to which has to be 
added the wages of one man following the ploughs 
at 2s. a-day, to turn out the stones as they are 
encountered by the ploughs ; and there is, besides, 
the subsequent cost of the removal of the stones 
from the field by cart and sledge. The entire costs 
stand thus : — 
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Four men and four pairs of horses trench- \ 
ploughing an imperial acre a-day, at > £2 8 
128. each pair, . . . ) 

One man turning out stones of all sizes, I n o n 
per acre, . . . t V z {) 



ses, ) 
Carting and sledging off stones, per acre, 8 



Making the cost per imperial acre, £2 13 

One field of 10^ acres on Broadwoodside yielded 
rather more than 18 loads per acre of stones, and 
therefore cost more per acre than the statement 
above bears out ; but, on the other hand, many of 
the fields had only a very few loads on the acre. 

Without doubt, subsoil-trench -ploughing cost 
the Marquess much more than this sum of £2, 13s. 
per acre, because of the many delays experienced 
in perfecting the ploughs, the wear and tear of 
harness, and the necessary expenses incidental to 
carrying out a great experiment ; but aU such 
difficulties having now been successfuUy over- 
come, no proprietor or farmer need incur more 
expense in subsoil -trench -ploughing land, even 
with an obdurate and stony subsoil, than what is 
represented in the above sum. Indeed, the cost 
of 12s. a-day for a man and pair of horses is 
beyond what farmers would calculate, with even 
an extra allowance of food; and boulders and moor- 



SUBSOIL-TRBNCH-PLOUGHING. 63 

band -pan do not occur in every subsoil. The 
conjoint costs of thorough-draining and subsoil- 
trench-plonghing land stand thus : — 

Cost of thorough-drainlDg an imperial ) «- 

aero of land, . . . ] *5 9 6 

Cost ofsubsoil-trench-ploughing the same, 2 13 

Cost of doing both, per acre, £8 2 6 

Considering the important change for the better 
produced by these two great and permanent ope- 
rations, the cost of efifecting it, with rather more 
than £S an acre {£S, 2s. 6d.), is by no means such 
an expenditure of capital on the improvement of 
the soil as to debar the hope of an adequate return 
from it in aU time coming. 

The whole extent of Broadwoodside, 228 acres, 
was thorough-drained and subsoil-trench-ploughed, 
and 444 acres of Yester Mains — ^together, 672 acres 
— ^to the depth of 1 9 inches. Of Danskine farm, 209 
acres were thorough-drained and not subsoil-trench- 
ploughed at all, but only deep-ploughed to the depth 
of 16 inches, because the subsoil was of that free 
nature as not to require subsoiling. The deep- 
ploughing was accomplished with three horses 
abreast, with compensation swing-trees. It is the 
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part of wisdom to avoid the overdoing of any- 
thing. The extent of ground deep-ploughed on all 
the farms was the same as had been thorough- 
drained — ^namely, 881 acres. 

The great object attained by deep-stirring the 
subsoil, is the prevention of water lodging about 
or near the roots of the cultivated plants. It 
is feared that thorough-draining a clayey subsoil 
will not alone secure that object. The reason 
why it is desirable that the subsoil about and 
below the roots of plants should be in as loose a 
state as to allow the rain-water that descends from 
the surface to pass from them quickly, is that the 
passage of water has a consolidating efifect upon the 
subsoil as well as the soil ; and if it do not usually 
pass quickly through the former, as it does through 
the latter, it is because the upper soil is always in a 
loose state by cultivation. Now, there is no way 
of rendering the subsoil entirely loose but by deep- 
stirring it with such implements as have just been 
described. The least consolidation of the subsoil 
tends to retain the water as it descends from the 
surface, and thorough-draining cannot of itself pre- 
vent that tendency in clay subsoils; and water 
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•when retarded is sure to chill the roots of plants in 
•winter, and to prevent the incorporation of vege- 
table matters with both the subsoil and soil ; 
whereas deeply stirring the subsoil renders con- 
solidation impossible for a considerable time, and 
in the meanwhile the plants enjoy vigorous health 
by their roots absorbing as much moisture, as it 
descends past them, as they require, and partaking 
of as much food as is prepared for them by the 
natural action of the soil and manure. No fear 
need be entertained of rendering the soil or the 
subsoil too dry by means of thorough-draining, or 
in conjunction with it of subsoil-trench-ploughing, 
inasmuch as the bottoms of all the drains, and the 
subsoil for several inches above the tiles, are re- 
ceptacles of moisture, which they are ever ready 
to yield to the wants of vegetation whenever de- 
manded, through the easy and quick instrument- 
ality of capillary attraction. Shallow-ploughed land 
has not a sufficient body of pulverised mould to 
induce the action of capillary attraction. Con- 
tinuous shallow-ploughing has, moreover, the effect 
of encrusting with a hard stratum the bottom of 

the furrow in clay subsoils ; and those English 

E 
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ploughs which work at a constantly equal depth by 
means of wheels, render the bottom of the furrow 
on clay subsoils sooner hard than any other class of 
ploughs. 

Of all classes of subsoils the sandy ones are 
most quickly afifected by subsoil-trench-ploughing, 
and they are also as easily consolidated by water. 
Gravelly subsoils are next most easily affected; 
and there are such of this class of subsoils so 
firmly compacted together, without the means 
of a clayey matrix, that water passes with diflS- 
culty through them; and yet, when once broken 
asunder by the subsoil-trench-plough, they remain 
loose ever after. Thin clay subsoils are the next 
most easily affected by subsoil-trench-ploughing; 
and generally having small veins of sand tra- 
versiog them, or small stony grits interspersed 
through them, they become loose for a consi- 
derable time after being subson-trench-ploughed. 
The pure clay subsoils are the longest in being 
affected by subsoil -trench -ploughing, and they 
have a constant tendency towards reconsolidation. 

It thus being a paramount object with the 
farmer to have the subsoils of the different classes 
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of soils upon his ferm always in a pulverised 
state, he should make himself well acquainted 
with the periods when it is necessary to renew 
their subsoil -trench -ploughing. Experience has 
not yet decided on the respective periods at 
which this operation should be renewed on the 
different classes of subsoils ; but enough has been 
ascertained on this point to lay it down as a rule, 
that the Tweeddale plough should be employed to 
cross-plough in the autumn the stubble-land in- 
tended for green crop in the ensuing season, to 
the depth of 15 inches, at the end of every rota- 
tion of fives. The subsoil-trench-plough will not 
probably require to be used again during the 
currency of a lease on sandy and gravelly subsoils, 
nor even on thin clays ; but on pure clays it may 
be required oftener than once in the course of a 
lease, although probably no farmer will under- 
take to do it more often than once in a lease. 
The same feeling will probably guide the farmer 
in the use of these implements as it does the 
liming of a farm— once in a lease. Experience, 
of course, will determine its frequency; but com- 
mon sense already instructs that subsoil -trench- 
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ploughing will be executed mucli more easily, 
more quickly, and therefore less expensively, on 
repetition than at first. 

VI. The Tester Plough. 

The above are the implements which stir the 
subsoil deeply; but when this operation is not im- 
periously required to be continued, a shallower fur- 
row than that taken by the Tweeddale plough seems 
advisable at many periods of cultivation, such as 
lea-ploughing, and seed-furrowing for wheat and 
barley. By a shallower furrow than the deep one 
effected by the implements described, it is, however, 
not to be xmderstood that it is as shallow as is 
usually practised in lea-ploughing and seed-furrow- 
ing. The Marquess is of opinion that no furrow 
should be less than 8 inches in depth for a seed- 
fiirrow, and 10 inches for learploughing. The 
smaller plough, named the Yesteb Plough, effects 
these dimensions of furrow-slice with two horses, 
in an admirable manner. The successful results 
arising from the Tweeddale plough has led to 
the construction of the two-horse Tester plough, 
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which has its mould-boajd formed on the same 
principles as that of the Tweeddale plough. The 
Tester plough is represented in fig. 8. Its frame- 



Fig. 8. 




The Tester Plough. 

work is of wood, which is of no material difference 
in form from that of the common wooden plough. 
In the mould-board there is a perceptible difference 
in the greater length of the straight portion e/, of 
the lower edge, as compared with that of the 
Tweeddale plough, fig. 1 ; but the upper edge a d 
is proportionally as long as iq that plough. In the 
breast, also, of this mould-board there is a slight 
difference from the other, as wiU appear by com- 
paring its series of sectional lines with fig. 2, 
already referred to. Fig. 9 contaiQS the series of 
vertical sections of this mould-board, also at 3 
inches apart. In these it will be observed that the 
lines towards the front and upper parts are more 
convex than in the other, but much less curved as 
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they descend to the lower edge. At the back 
parba, or the ear of the mould-board d, the lines 
approximate more nearly to those of the other 



Fig. 8. 



Series of Beetional Lint 




-board of the Yeelsr Plough. 



mould-board, allowance of course being made for 
the difference in the dimensionR The length of 
this mould-board from a to d is 32 inches; its 
height at the fore part,/ to e, 14 inches ; and at the 
hind part, c to d, 16 inches ; its extreme spread 
fromg to ^ being 18 inches. The letter a is a cross 
section of the beam, and/6jr is the section where 
the sock joins the mould-board. The work per- 
formed by this plough is of the most satis&ctory 
description, answering all the ends of sound ser- 
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viceable ploughing to the depth of 10 inches. It 
is, moreover, very easily held* 

In ploughing lea to the depth of 10 inches, the 
furrow-slice does not appear so smooth and perfect 
as in lea-ploughing by fine-work ploughs, the pre- 
vious deep-culture rendering the soH more brittle ; 
but for early working, safe sowing, and easy har- 
rowing, the soil so treated is in as good a state 
as can be desired.. 



VII. SWING-TEEES FOE ThREE AKD FoUR HoRSES. 

As frequent reference has been made to compen- 
sation swing-trees in connection with deep-plough- 
ing with three horses, it seems expedient to give 
a figure and description of such an arrangement, 
as well as the most convenient one for four horses 
in the Tweeddale and subsoil-trench-ploughs. 

The simplest mode of yoking three horses to a 
plough is first a pair, working in the conamon 
swing -trees, and the third horse attached to a 
light chain from the shackle of the middle of 
the main-tree. The third horse thus yoked, 

* Journal of Agriculture for January 1850, p. 265. 
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takes the place in front of the other two in 
unicorn fashion. This is a very common mode 
of yoking three horses, but it is defective, inas- 
much as there are no means of equalising the 
draught of the third horse. 

The most perfect method of yoking three horses 
to the plough, whether abreast or imicom fashion^ 
is that by the compensation levers. Fig. 10 

Fig. 10. 




The Compensation Lever Swing-trees for Three Horses. 

gives this statical combination, which is at once 
correct in its equaUsation, scientific in its prin- 
ciples, and elegant in its arrangement. In the 
figure, a is the bridle of the plough; b is the main 
swing-tree, 5 feet in length, and of strength pro- 
portioned to the draught of three horses; and c d 
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and e are three small common swing-trees, one for 
each horse. The trace-chains are here broken off at 
/ and g respectively, but are to be conceived as 
extending forward to the shoulders of the horses. 
Between the main swing-tree and the three small 
ones the compensatory apparatus is placed, con- 
sisting of three levers, usually constructed of iron. 
Two of these, h i and h i, are levers of the first 
order, but with unequal arms, the fulcrum k k being 
fixed at one-third of the entire length from the 
outward end of each: the arms of these levers are, 
therefore, in the proportion of two to one, and the 
entire length of each between the points of attach- 
ment is 27 inches. A connecting lever, I, of equal 
arms and 20 inches in length, is jointed to the 
longer arms i i of the former by means of the 
double short links m and n. The two levers hi, hi 
are hooked by means of their shackles at A; A; to the 
main-tree at b, and the three small swing-trees 
c d and e are hooked to the compensation levers at 
h I and h. From the mechanical arrangement of 
these levers, if the whole resistance at a be taken 
at 600 lb., k and k will each require an exertion 
of 300 lb. to overcome the resistance. But these 



74 T£STEB DEEP LAND-CULTUBE. 

two forces £all to be subdivided in the proportion 
of the arms of the levers h i, h i ; two-thirds of each, 
or 200 lb., being allotted to the arms h h, and the 
remaining one-third, or 100 lb., to the arms i i, 
which brings the system to an eqmlibrinm. The 
two forces i i being conjoined by means of the 
connecting links m n, their union produces a 
force of 200 lb. ; thus equalising the three ultimate 
forces hi hto 200 lb. each : these three combined 
are equal to the whole resistance of 600 lb. at a ; 
and the three horses yoked to the swing-trees 
c d and e are thus subjected to equal exertion, 
whatever may be the amount of resistance at a 
which has to be overcome. 

The judicious farmer will frequently see the 
propriety of lightening the labour of some indivi- 
dual horse, and this is easily accomplished by the 
compensation apparatus. For this purpose one or 
more holes are perforated in the levers hi, h i, on 
each side of the true fulcrum k k, to receive the 
bolt of the smaU shackles at k k. By shifting the 
shackle and bolt, the relation of the forces at h and 
i are changed, and that in any proportion that may 
be desired ; but it is necessary to observe that the 
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distance of the additional holes on either side of 
the central hole or folcrum of equilibrium kkm the 
system, should be in the same proportion as the 
length of the arms in which the holes are per- 
forated. Thus, if the distance between those in 
the short arm is half an inch, that in the longer 
ann should be one inch. By such arrangement 
every increase to the exertion of power, whether 
on the long or the short arm, would be equal. 

In the yoking of four horses, one pair before the 
other, various modes are also adopted. The old 
and simple method is for the plough-horses to 
draw by a set of common swing-trees, and to the 
centre of the main swing-tree of which, a soam- 
chain * is hooked by means of a shackle or other- 
wise. The leading horses are thus yoked by a 
second set of common swing-trees to the end of 
the soam-chain. This is now seldom employed, 
and an improved method of applying the soam has 
been adopted iq its place, which is represented by 
fig. 11, where a is the bridle of the plough with 

* " The chain reaching jfrom the hindermost yoke of oxen to 
that before them. — Su. G. soem, that which conjoins two 
bodies." — Jamiesoi^'s Scottish Dictionary; Froch-soam, under 
Sovrme. 
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its swivel-hook. A pulley 6 of cast iron, 6 inches 
in diameter, mounted in an iron frame, is attached 
to the hook of the bridle. A link - chain c is 

Fig. 11. 




The Swing-trees for Four Horses. 



rove through the frame of the pulley, and to the 
short end of it is hooked the maiii swing-tree d 
of a set of common trees for plough-horsed. The 
other end of the chain /passes forward to a suffi- 
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dent distance to allow the leading horses room to 
work, and to it is hooked the second set of com- 
mon trees at e for the leaders. In the figure, a 
part of the chain, from /to g, is broken oflf, but 
the full length is about 11 feet. In this yoke the 
trace-chains of the near-side hind horse are hooked 
to the swing-trees at h h, and those of the oflf-side 
horse at i i, the leaders being yoked atJcJc and 1 1 
respectively. In this arrangement the balance of 
forces is perfectly preserved ; for the hind horses 
and the leaders, as they pull at opposing ends of the 
chain passing round the pulley, which must inevit- 
ably be always in equilibrium, each pair of horses 
has an equal share of the draught ; and from the prin- 
ciples of the common swing-trees through which 
each pair acts, the individual horses must have an 
equally perfect division of the labour, unless the 
equilibrium has been removed for the purpose of 
easing a weaker horse. In order to prevent either 
the hind horses or the leaders from stepping too 
much ahead, it is common to apply a light check- 
chain 0, of about 15 inches long, connecting the 
two parts of the main-chain, so as to allow only a 
short oscillation round the pulley, which is limited 
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by the check-chain. When this is adopted, care 
should be taken never to allow the check-chain to 
remajn upon the stretch; for if it do so, th^ 
advantage of equilibrium in the yoke is lost, and 
it becomes no better than the simple soam-chain. 
In all cases of using a soam-chain, that part of it 
which passes forward between the hind horses must 
be borne up by means of attachments to their 
backhands, or suspended from their collars.* 

The cost of a Tweeddale plough of wood is 
£^, 10s. ; of iron, <£^6, 5s. ; of an iron Tweeddale 
subsoil-trench-plough with one wheel, d&7, 10s.; 
of a wooden Yester plough, d&4. A set of iron com- 
pensation levers, with master-tree, fitted for mount- 
ing swing-trees for yoking three horses abreast, 
costs 21s. A soam-chain, 11 feet long, for the fore- 
most pair of a four-horse yoke, costs 18s. 

VIII. The Physical Benefits derived from Tho- 
rough-draining AND SUBSOIL-TRENCH-PLOUGHING 

THE Soil and Subsoil of the Yester Farms. 

Having thus described, as was proposed, the 
details of thorough-draining and subsoil -trench- 

* Stephens's Booh of the Farm, first edition, vol. L p. 625 ; and 
second edition, vol. i. pp. 15^-4, 
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ploughing laaid, which cannot fail to render every 
class of soil permanently better, an important 
inquiry now demands attention — Whether those 
operations, incurring a certain and large cost to 
execute, can possibly render the soil so much more 
productive than before, as not only to repay the 
cost, but also to insure to the cultivator, in all 
time coming, such a remuneration as to induce 
hiTn to expend capital and time upon them for a 
number of years ? If a favourable conclusion can 
be arrived at in the inquiry, from the facts ob- 
tainable at Yester, on such reasonable grounds as 
may be appreciated by practical farmers, then the 
cultivator need have no hesitation in expending 
his money and time in the way described in every 
other locality. 

The benefits derivable from thorough-draining 
and subsoil-trench-ploughing the soil may be re- 
garded as physical as well as economical If these 
operations render the soil drier than it was before ; 
if they render the drier soil warmer than it was 
before ; if they lessen the evaporation of moisture 
into the atmosphere, and impart a consequent 
warmth to the air around ; if they, on the other 
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hand, supply moisture to vegetation at a period 
when it would otherwise be awanting — ^these are 
physical benefits, tending greatly to the ameliorar 
tion of local climate, that cannot fail to promote 
the healthy growth of all cultivated plants. The 
same sorts of cultivated plants in drained and in 
undrained soil are placed in opposite conditions. 
Cultivated plants in a wet state of soil become 
stunted in their growth, lose their natural colour, 
and either die or yield no produce. The same 
plants in a dry soil grow apaca Deriying imme- 
diate benefit from air, light, and manure, they 
have a fresh green colour, healthy aspect, and in 
due time yield a productive increase. 

While attending to new mechanical construc- 
tions, for the great end of subduing an obdurate 
soil and subsoil, the Marquess did not neglect the 
ascertainment of physical benefits, if they are 
really derivable from such means as thorough- 
draining and subsoil-trench-ploughing. The results 
obtained by experiments instituted by his lordship 
clearly establish an intimate connection between 
these great operations and those benefits and their 
peculiarities. Those benefits are most satis- 
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factorily ascertained at first by means of thermo- 
meters. A series of six thermometers were there- 
fore placed in the soU, in different fields, at the 
depth of 18 inches, and their indications were ob- 
served and compared, at stated hours of the day, by 
a qualified person, with thermometers placed in the 
air above ground; and as the observations were 
made in fields similarly situated, and over a series 
of years, they may fairly be compared together. 
The reason why the thermometers were placed as 
deep as 18 iaches was, that at that depth they were 
found not to be sensibly affected by the changes of 
temperature in the atmosphere. 

Observations were first made to ascertain the 
temperature of the ground in its natural state, in 
order to compare it with that of the same ground 
after being thorough-drained, and after being both 
thorough -drained and subsoU- trench -ploughed. 
The observations for each month of the year, for 
reasons formerly given, are classed into vegetatiQg 
and non-vegetating periods, such periods being in 
unison with the state of the crops when growing, 
and with the state of the soil when in fallow. 

The temperature of the routine of the year by the 

F 
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month tells nothing in regard to its state in the 
period of vegeta»tion. The thermometer in 1849 
indicated the mean temperature of the ground of a 
field at Yester Mains, in its natural, wet,1mdrained 
state, as follows : — 



Vegetating Season, 






Mean. 


March, .... 


se-* 


April, 






40 


May, 






48 


June, 




t 


54 


July, 






55 


August, 






66 


September, 






50 


October, 






35 



Mean. 
34° 
34 
32 
34 



Mean of the vegetating season, . 46°. 75 

Non-vegetating Season. 

November, 

December, 

January, • • . 

February, 

Mean of the non- vegetating season, 33°.5 

Mean of both seasons, . . 42°.33 

The mean temperature of the soil of another 
field at Yester Mains, after being thorough-drained, 
was as follows, in 1849 : — 
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Vegetating Season, 


Mean. 


March, .... 


37* 


April, 

May, 

June, 






38 
47 
53 


July, 

AugUBt, 

September, 
October, 






54 
46 
54 
37 


Mean of the vegetating season, . 


46^75 


Non-vegetating Season. 


Mean. 


November, •. 


37" 


December, 


36 


January, .... 
February, 


32 

38 


Mean of the non- vegetating season. 


Z5\75 



Mean of both seasons, . . 42^.42 

Here, in the same season, 1849, the temperature 
after thorough-draining was one degree lower than 
in the undrained field in simmer. Contrary as 
such a result may be to expectation, it may per- 
haps be accounted for from the circumstance of the 
difference of temperature being observed in dif- 
ferent fields at the same time. It is quite possible 
for thorough-draining to affect different sorts of 
subsoils, in a short time, to a different degree, as 
regards temperature. Had the thorough-drained 
field been left to the effects of thorough-draining 
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alone for more than twelve months, it is probable 
that its temperature would have been higher than 
45°. 75 in the summer. This conjecture is corrobo- 
rated by another field, where the temperature of the 
soil in summer was 45°. 4, and where the thorough- 
draining and subsoil-trench-ploughing were effected 
in the same summer. The thorough-draining was 
executed in May and June, the subsoil-trench- 
ploughing in August and September, and wheat 
was sown in October. The operations were thus 
hastened to improve the land as quickly as possible. 

But another circumstance may have affected the 
summer temperature of the two fields first referred 
to, one being in bare fallow, the other in grass in 
1849. It is possible that the temperature of the 
subsoil may be differently affected by the state of 
the surface-soil, when it is covered with a crop or 
when it is in bare earth. 

If we turn our attention to the temperature in 
winter, we observe quite another and more favour- 
able result. The temperature in that season, in 
the same time, had risen no less than 2°.25. 

The mean of both seasons was rather higher 
after thorough-draining. 
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The advantage of a higher temperature in winter 
is of more importance in keeping the soil warm for 
vegetation than in summer. 

The remarkable celerity with which thorough- 
draining may affect the temperature of the surface 
son was observed at Broadwoodside, in one instance, 
where a thermometer was placed 1 foot under the 
surface, on the crown of a ridge 18 feet wide, before 
a drain was cut on each side. The tempera- 
ture observed was 48° ; and after a drain had been 
cut to the ordinary depth on each side, in the open 
furrow of the ridge, the temperature rose to 49°. 5 
— ^that is, 1^ degree in the course of six hours. 

The mean temperature observed after the soil 
had been thorough-drained and subsoil -trench- 
ploughed in the first field mentioned above, was 
as follows, in 1850 : — . 

Vegetating Season, 



March, 

April, 

May, 

June, 

July, 

August, 

September, 

October, 

Mean of the vegetating season, 



Mean. 
37° 
89 
42 
54 
59 
54 
65 
50 



48^75 
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Non-veffetcUing Season. 








Mean. 


November, 


• • • 


440 


December, 


• • • 


89 


January, . 


• • • 


82 


February, 


• • • 

on-yegetating season, 
seasons, 


86 


Mean of the n 


87°.75 


Mean of both 


45^08 



Thus, in comparing the mean temperatures of 
the vegetating season, before and after thorough- 
draining and subsoil-trench-ploughing the same 
subsoil, the advantage is 2° in favour of the deep- 
stirred subsoil ; and in the non-vegetating season 
the advantage is as great as 4°. 25. The higher 
temperature in the winter, let it be repeated, is the 
greater advantage, as it tends to equalise the tem- 
perature of both seasons; and equalisation of tem- 
perature in summer and winter is a decided cha- 
racteristic of an improved climate. The mean 
temperature throughout the year was raised 2°. 75 
by thorough-draining and subsoil-trench-ploughing. 
On comparing the relative effects of thorough- 
draining with thorough - draining and subsoil- 
trench-ploughing, on the temperature of the sub- 
soil, it appears that thorough - draining makes 
it warmer in winter to the extent of 2''. 25; 
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whereas the conjoined operations warm it 4°.25 — 
that is, they nearly double the heat ; and in suminer 
the temperature is not raised at all by thorough- 
draining, for the reasons given on a former page ; 
while the addition of subsoil-trench-ploughing 
raises it 2°. It is thus seen to what extent subsoil- 
trench-ploughing confers benefit on the subsoil in 
raising its temperature both in summer and winter ; 
and the joint operations warm the subsoil to a 
greater degree in winter than in summer, because 
of the superior influence of subsoil- trench ^ 
ploughing in completely pulverising the subsoil 

Thorough-drained and subsoil-trench-ploughed 
land is more quickly lowered in temperature by a 
fall of rain than undrained ; but immediately on the 
rain ceasing, the temperature rises again as quickly 
in the drained soil, whereas it remains low for a 
long time in the undrained. On a series of nine 
thermometers placed in the soil 1 inch lower than the 
other, a considerable diflference in the temperature 
was observed, in April 1850, on two thermometers ; 
one placed 1 inch under the surface indicating 55° — 
the other, 4 inches, indicating only 49°. Below 4 
inches the temperature of the atmosphere is found 
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to have a very slow eflfect on the temperature of 
the soil. 

Thorough-draining and subsoil-trench-ploughing 
first aflfects sandy soil and subsoU, then graveUy, 
then weak clay, and, last of all, adhesive clay. On 
all these subsoils the conjoint operations of tho- 
rough-draining and subsoil-trench-ploughing have 
the same permanently beneficial effects. 

The degree of warmth imparted to the subsoil by 
subsoil-trench-ploughing, small as it may seem to 
be, has the eflfect of melting the snow upon the sur- 
face soil in a short time, whereas thorough-draining 
has not that eflfect. A striking instance of this dif- 
ference was observed in a field, upon the one side 
of which, to the extent of 2 acres of grass, which 
had been thorough-drained but not subsoil-trench- 
ploughed, the snow lay every year; whereas upon 
the rest of the field, which had been both thorough- 
drained and subsoil-trench-ploughed, it lay a com- 
paratively short time. The very furrow which 
bounded the two conditions of the soil marked 
the line sharply between the snow and the bare 
surface. , 

It may prove interesting to give the tempera- 
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ture of the soil of a south border of the kitchen 
garden at Yester in a high state of cultivation, as 
indicated by a thermometer placed 18 inches under 
the surface in 1849, as a means of comparing the 
temperatures of soils placed in an enclosed field of 
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The soil in the border was thu9 comparatively 
warmer in winter than in summer, as was found 
in the fields. On comparing the temperature of 
the soil in the fields, in the best condition, with 
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that of the border in the same year in the vege- 
tating season, the border has the advantage by 
4°. 62 ; but in the non-vegetating season it has 
the advantage to the remarkable extent of 8°; 
whUe, during both seasons, it has the advantage by 
5°.75. A higher temperature of 8° in the subsoil 
in winter is equivalent to the influence of a very 
superior climate on the functions of plants, where it 
would support their life in the garden, whUe they 
would die in the fields. As it is the object of agri- 
culture to approach as near as possible to horticul- 
ture in the treatment of plants, it thus appears that 
farming has yet much to do to place plants in the 
same fevourable condition as does gardening. 



IX. The Economical benefits derived fbom 
Thorough-draining and Subsoil-trench-plough- 
ing THE Soil and Subsoil op the Yester Farms. 

The economical benefits derived by the soil and 
subsoil from thorough-draining and subsoil-trench- 
ploughing are numerous and very important. That 
the land having become so dried by these joint ope- 
rations that the stubble may be cross-ploughed in 
late autumn, and left in that state all winter; that 
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the land thus left requiring no farther work until 
its immediate preparation for potatoes or turnips 
in late spring ; that much labour being thus saved 
in early spring, and much poaching and unneces- 
sary treading of the surface soil at that season 
being entirely avoided ; that deep-rooted plants 
being eradicated ; that the pulverisation of the 
soil and snbsoU being completely and pennanently 
effected ; that less manure being required to raise 
the former amount of produce ; that the air and 
rain descending and circulating through the soil 
and deep subsoil with ease ; that the harvest be- 
coming earlier ; that the grain being better filled 
and more equally ripened ; that the roots of win- 
ter wheat being completely protected from frost 
in the deep subsoil : that these results, tending to 
increase the crops with ease and certainty, and at 
less expense, are benefits which may be conferred 
on agricultm'e by thorough-draining and subsoil- 
trench-ploughing, cannot be doubted ; and, as a con- 
sequence, these form essential steps towards a truly 
economical system of cultivating the soil. 

Before the effect of deep-ploughing in autumn 
was discovered, the subsoil-trench-ploughed land 
received an ordinary furrow in early spring ; but 
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this had to be relinquished, on account of its 
bringing up a tough clod, which it would have 
been difficult to pulverise. The consequence was 
that the remainder of the field was untouched 
until prepared for turnips. The eflTect of such 
a suspension of labour is affording to the action 
of the atmosphere sufficient time to pulverise the 
surface soil in such quantity as to afford as much 
mould as will cover up the dung in the drill The 
sap thus left undisturbed in the trench-ploughed 
subsoil comes up to the support of the young 
turnip plant in dry weather. The eradication of 
deep-rooted weeds from the soil saves at least one 
fiirrow in the spring, and it leaves only the sur- 
face-weeds to be removed in summer. Subsoil- 
trench - ploughing, aiding thorough - draining, so 
completely pulverises the soil to the depth of 19 
inches, that no Norwegian harrow, no grubber, no 
Crosskill roller, or even smooth - surface roller, 
seems requisite. The Tweeddale plough that easily 
goes to the depth of 15 inches, and the common 
harrow that smoothes the surface, seem now the 
only implements required for a soil and subsoil in 
a constant state of pulverisation. 
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So much labour does the pulverisation of the soil 
and subsoil save, that six pairs of horses may a«com- 
plish what took eight pairs to do. Less manure iis 
required for the land to yield the same amount of 
produce it did before. No extraneous manure, 
whether guano or bone dust, or any of the salts, 
but only farm-yard manure, was applied to the soil 
at Yester Mains, so that the amount of produce 
rightly due to thorough-draining and subsoil-trench- 
ploughing the soil and subsoil might be ascer- 
tained. A large increase of grain, roots, and grass, 
and much comfort to the animals which feed on the 
ground, were obtained. The harvest at Yester is 
now nearly as early as that of the lower part of East 
Lothian, and in general earlier than that of the neigh- 
bourhood; and the crop is now carried off without 
poaching the surface-soil in a wet season. There 
are now few unfilled grains in the com, the grains 
ripening simultaneously. By sowing wheat early 
in September, its roots grow downwards quickly 
beyond the reach of winter frost, and the frost 
seldom penetrates beyond 9 inches into pulverised 
soil and subsoil. Eain now sinks through the sur- 
face soil in ten hours after it has fallen, and it leaves 
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the roots of wheat in a comparatively dry medium. 
The air descends into and circulates in the soil and 
subsoil, its constituents being ever ready to combine 
with the natural and acquired elements of the soil, 
and thereby form such compounds as increase the 
fertility of the soil itself, or augment the food of the 
plants growing in it for the time. 

In conducting both the thorough-draining and 
subsoil-trench-ploughing at Yester, whenever any 
result occurred different from what was expected, it 
was strictly observed in aU its bearings, and if it wa^ 
worse than what the circumstances warranted, its 
causes were carefully avoided in the future. With- 
out attention to such minutiae, it would have been 
impossible to bring such large experiments and 
extensive operations to a conclusion at so early a 
period, and in so satisfectory a manner, as they 
have been. 



X. The System of Farming now Practised on 

THE Yester Farms. 

From the sensible change effected in the physical 
and economical conditions of the soil and subsoil 
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at Tester by means of thorough-drainiiig and sub- 
soil-treneh-ploughing, a material alteration has 
naturally followed in the cultivation of the surface- 
soil. A weeping, poachy, thin clay soil, growing 
stunted crops, small roots, and scanty herbage, 
when converted into a dry deep loam, demands a 
different treatment from what it received before. 
Whatever course of husbandry he may wish to 
pursue in any locality, the judicious farmer adapts 
his mode of farming to the particular conditions 
of the soil and subsoil. When a soil has been 
amended by increased fertility, and by pulverisa- 
tion of the subsoil, it receives an emended treat- 
ment. Most farmers prefer an open subsoil, be- 
cause it is farmed at the cheapest cost ; but a 
subson pulyerised by means of thorough-draiiung 
and subsoil-trench-ploughing offers less resistance 
to draught than a naturally open one, and will 
therefore be laboured at less cost. 

Before the improvements were effected, wheat 
was attempted to be grown at Danskine, a high 
farm, after bare faUow; but such was the bad state 
of the soil, that in some seasons the wheat was 
not worth the cost of reaping. Turnips were 
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only raised on the driest and best parts of a field ; 
but neither they nor the pasture in the best sear 
sons were fitted to fatten stock. 

In the prosecution of thorough-draining on the 
farms of Yester Mains and Broadwoodside, the land 
was deep-ploughed even in the first rotation of 
crops ; that is, subsoil-trench-ploughed to the depth 
of 19 or 20 inches, and deep-ploughed twice there- 
after to the depth of 16 inches. The deep lea fur- 
row-slices did not lap over one another; and being 
dry, became much broken in the laying over. Not- 
withstanding the want of lapping, or closing of the 
furrow-sHces, no loss of seed was experienced at 
seed time, inasmuch as a double tine of the harrows 
before the seed was sown closed the interstices be- 
tween the fiirrow-sUces, and afforded abundance of 
mould to cover the seed. In every case of deep- 
ploughing, numbers of stones were brought to 
the surface which had previously escaped both the 
ploughs in subsoil-trench -ploughing, and many 
were no doubt concealed in the large fiirrow-sUces 
laid over by the Tweeddale plough. During these 
deep-ploughings in the first rotation, no other than 
farmyard manure was used, with the exception of 
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composts, formed of vegetable matter saturated 
with liquid manure, and rape dust when farmyard 
manure could not be supplied from the farm ; but 
in the second rotation, extraneous manures have 
been, and will be, liberally applied. All the 
crops in the first rotation after the subsoil-trench- 
ploughing were good, comparatively, to what they 
were on the land in an undrained state. The 
object of so much deep-ploughing at one time was 
to remove the obstruction of stones, and to pul- 
verise and mix the soil and subsoil as quickly as 
possible ; for without the attainment of those desi- 
derata, the future superior cultivation of the soil, 
even with steam-ploughs, would be of no avail. 
When the subsoil-trench-ploughing was given at 
the commencement of a rotation, the complete 
pulverisation of the soil and subsoil was effected in 
the sixth year. Subsoil-trench-ploughing stubble 
land was begun in the autumn, and the other 
furrows were given at subsequent periods. After 
the stubble-ploughing was finished, lea-ploughing 
commenced, and was. executed to the depth of 
1 5 inches. It was done with impunity, even in wet 

weather, as the subsoil had become quite dry. The 

G 
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furrow-sUces in stubble-ploughing were very well 
laid over, and quite loose. One of the advantages 
derivable from this system of deep-ploughing is, that 
the land may be treated as desired, at the time most 
convenient for the cultivator, for whose leisure the 
land waits in a proper state of readiness, and who 
is not obliged to wait until the land becomes in a 
proper state. 

But after the subsoil had been completely pul- 
verised, it was necessary to establish a regular rota- 
tion of cropping on all the farms, and the five-course 
shift was continued and confirmed-namely. two 
years grass, and two years grain crops, with an 
intervening green crop. 

On commencing the subsoil-trench-ploughing on 
a farm after the thorough-draining of the land, it 
is the Marquess's opinion that the best practice is 
to plough the lea to the depth of 15 inches with 
the Tweeddale plough, setting the furrow-slices on 
their edge. When thus set, the harrows tear their 
upper edges into a mould-bed for the seed 6 inches 
in depth, and the remaining 9 inches constitute 
an open subsoil for the plants to push their roots 
into. In this way a good crop is not only secured, 
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but the soil, when it comes to be ploughed in 
stubble in autumn, is in such a degree of pulverisa- 
tion as to allow the Tweeddale plough to pass 
through it easily, while the subsoil-trench-plough 
foUows to pulverise the subsoil to the depth of 19 
or 20 inches. Thus a deep pulverised soil and 
subsoil are quickly obtained. The subsoil-trench- 
plough should only be used when the subsoil has 
an impervious character, as a naturally free subsoil 
does not require further pulverisation. The deep- 
ploughing in autumn should always be given across 
the ridges, and the land lying in the autunm fur- 
row remains aU winter in a state ready for the 
first or last of the spring crops. 

It is found, in the second rotation, that the soH 
may be maintained in a state of pulverisation by a 
deep furrow of 16 inches to the stubble in autumn, 
while the lea-furrow may be of 8 or 10 inches, and 
the seed-furrow, after turnips, of 8 inches in depth. 
The seed-furrow, after turnips, receives the grass 
seeds. The stubble-fiirrow requires four horses, the 
lea and seed furrows each two horses. The stubble- 
furrow is thus the one upon which depends the 
continued state of pulverisation of the soil and sub- 
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soil, and it ought therefore to be always most eflfee- 
tually executed. The seed-furrow, after turnips, is 
ploughed as soon as the turnips are removed, or are 
eaten off by sheep. As much as possible of the 
land is ploughed in autumn. At that period the 
land is put into the best state for caxrying a crop ; 
and for insuring one, the seed is sown in spring 
upon the autunm furrow, when the land is in good 
condition. Land so treated is in a state to meet a 
dry or a wet season, and to receive the seed earlier 
in the season than land treated in any other way. 
No better way exists for securing a turnip crop 
than drilling up the land in the turnip season for 
dung upon the winter stubble furrow. 

The length of time the storm has lasted in the 
winter of 1854 has given the best proof of the 
advantage of early storing the turnip crop, whether 
as regards the state of the crop or of the land. 
When care has been taken in the storing, it has 
been found that the bulbs lifted in October had 
lost neither bulk nor specific gravity in the course 
of four months. An essential criterion of care in 
the storing of turnips is the affording them free 
access to the air, while the bulbs are warmly pro- 
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tected from the frost by a thick covering of drawn 
straw. On following this practice, the result 
has been that scarcely a rotten turnip has been 
found in the stores. 

The storing of turnips in autumn may be de- 
fended upon principle. Whenever the turnip bulb 
has attained maturity and continues its connec- 
tion with the ground, it is subject to decay, as long 
as its vital principle exists, by many external in- 
fluences, such as wet soil, hard black frost, checked 
circulation of the sap by cold after excitement to 
activity by a rise of temperature, and injuries from 
haxes and rabbits. No one doubts the injurious 
effects of these causes upon turnip bulbs, nor denies 
the injury received by stock on eating them when 
so affected; and yet the early storing of turnips is 
much neglected, and the poaching of land in taking 
them off in bad weather too much tolerated. The 
vital principle is not destroyed on the separation of 
the bulb from the ground, but is rendered so dor- 
mant as to become insensible in the store to the 
above influences, until vegetation is roused into ac- 
tual life in spring, when fresh stems appear on the 
bulb. When the bulb is stored beyond the reach 
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of the circulation of air, or in moisture, or is sub- 
jected to heavy pressure by deep storing, the 
vital principle is destroyed, and corruption rapidly 
ensues. 

XI. Results op the Yester Deep Land-Culture 

ON THE Yester Farms. 

A few instances of the crops received from ea<jh 
of the Yester farms since it has been treated in 
the way above described, will suffice to show the 
results which have already been obtained from 
the system of deep land-culture here recommended 
for general adoption by practical agriculturists, 
whether proprietors or farmers. 

It is right to mention that at Yester Mains and 
Broadwoodside the subsoil-trench-ploughing, in a 
few of the strong clay fields, had an evident 
injurious efifeot upon the barley crop and new 
grass, on account of the subsoil being originally a 
very bad poor clay ; and the crop of turnips not 
having been carried off, but eaten on the land late 
in spring, the seed furrow was obliged to be given 
when the soil was in an unfit state for ploughing, 
particularly under the circumstance of the large 
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quantity of the subsoil not being thoroughly incor- 
porated with the surface soil. This inconvenience 
has now been entirely avoided by storing the tur- 
nips when at maturity in autumn, and by imme- 
diately ploughing up the land and exposing it to 
the frosts of winter. 

In the second rotation, now being pursued on 
Tester Mains, purple -top yellow turnips were 
raised in 1854, on Steel's Walls field, with 13 
loads of farm-yard dung and 2^ cwt. of guano 
per imperial acre. The crop was 32^ tons per 
acre, rooted and shawed, as ascertained by mea- 
surement and weight from a whole acre of a fair 
average of the field, when carried off to be con- 
sumed by cattle. In this field of 37 acres there is 
now no trace of the original state of the very bad 
subsoil to the depth under culture. Barley will 
succeed the turnips in 1855. Black vegetable 
matter obtained from the drained loch at Danskine 
has been put on the strongest clayey spots of 
fields of this farm to open the tenacity of the 
clay, and good turnips have been by that means 
raised upon parts upon which turnips would for- 
merly scarcely braird. 
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The Moss Bents field, which had originally been 
stiff clay, containing 15| imperial acres, was in 
oats in 1850, which produced 29^ bushels the 
acre. It was bare-fallowed and subsoil-trench- 
ploughed in 1851, and in 1852 produced 61 quar- 
ters of good wheat, and 2^ quarters of light, equal 
to 38^ bushels, and realised above <^11 the acre. 

The Long Bents field, of sandy clay soil and 
subsoil, containing 16 acres, was in oats in 1848, 
which produced 65 quarters, equal to 37 bushels 
the acre. In 1849 it was bare-fallowed and sub- 
soil-trench-ploughed, and in 1850 it yielded 58 
quarters of good wheat, and 4 quarters of light, 
realising <^10 an acre. In 1851 it was in grass, 
and in 1852 the lea was deep-ploughed with the 
Tweeddale plough 15 inches deep. In 1853 it 
was oats, which produced 104^ quarters, equal to 
61i bushels the acre. In 1854 it carried an 

excellent crop of turnips, the weight of which was 
not ascertained. 

At Broadwoodside the subsoil-trench-ploughing 
was carried on in a perfect state from the com- 
mencement of the improvements. 

The Wa' Tree Park, which was originally of 
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stiflF tenacious clay soil and subsoil, containing 
19f imperial acres, was in. oats in 1850, which 
yielded 60 quarters, equal to 28| bushels the 
acre. In 1851, 6^ acres were bare-fallowed and 
subsoil-trench-ploughed, and 13^ acres subsoil- 
/trench-ploughed and made with turnips. In 1852 
the 6^ acres produced, of wheat, 28^ quarters of 
good, and 3^ quarters of light, realising ,^15, 7s. 4d. 
the acre ; and the 13^ acres produced barley, which 
averaged 31^ bushels, and realised ,^6, Os. lOd. 
the acre. 

The Holmes Park, which was originally of very 
poor stiff tenadous clay soU and subsoil, and con- 
taining 24 acres imperial, was in grass in 1850, 
and was deep-ploughed, 15 inches, with the Tweed- 
dale plough in winter. It carried oats in 1851, 
which yielded 108 quarters, equal to 43^ bushels 
the acre. In 1852 it was subsoil-trench-ploughed 
19 inches deep for turnips, which were a fair crop. 
In 1853 it was barley, of which 79^ quarters were 
good and 18 quarters light, equal to 39 bushels, 
realising .^9, 17s. 6d. the acre. 

The Kitchen Croft, which was originally of 
stiff sandy clay soil and subsoil, containing a large 
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number of boulders, and consisting of 8^ acres 
imperial, was previously let at ,^8, 15s. for the 
field, and it was thorough-drained in the winter 
of 1848. In 1849 it was bare-fallowed and sub- 
soil-trench-ploughed 19 inches deep. In 1850 it 
carried wheat, of which 24 quarters were good, 5 J 
quarters light, equal to 34^ bushels, and realising 
,^8, 8s. 8d. the acre. In 1851 it was turnips, 
which were good. In 1852, barley, of which 40 
quarters were good and 3^ quarters light, equal to 
53 bushels the acre, and was sold for ,^10, 12s. lOd. 
the acre. 

The land on Broadwoodside farm was Hmed 
after being thorough-drained and subsoil-trench- 
ploughed. At first, the quantity used was 48 
bolls, or 288 bushels, to the imperial acre ; but it 
was soon found that 30 bolls, or 144 bushels, had 
an equally good efiect upon the land, and that was 
the quantity which the farm mostly received 

The land on Danskine farm was not subsoil- 
trench-ploughed at all, and only deep-ploughed 
with the Tweeddale plough, with three horses 
yoked abreast in the compensation swing-trees, 
to the depth of 14 or 15 inches, as the subsoil 
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was of such an open nature as not to require further 
pulverisation. Sandy oats were the kind first used 
on this fam, but were given up for the Hopetoun 
variety, in consequence of the yiejd being greater 
and the straw better on the improved soil. 

The poor clay soil of Danskine was covered 
with a black vegetable matter, obtained from the 
bottom of the Loch of Danskine after the water 
had been drained off. This vegetable substance 
was laid on the land, at the rate of 180 cubic 
yards per imperial acre, upon the stubble in 
autumn, cut small with the spade, spread, and 
ploughed in with a 14 -inch furrow with three 
horses in the Tweeddale plough. At first the 
quantity laid on was 120 cubic yards the acre, 
but latterly it was increased to 180. Such a 
large quantity of matter literally covers the sur- 
face when spread over it, that its black colour 
imparts a darkened hue to the soil after incorpo- 
ration with it. The cost of digging this matter — 
liffcing it out of the bog by means of a railroad 
and steam-power, carting it on the land, spreading 
it, with tear and wear of machinery, and interest 
on cost of machinery — ^is 7d. per cubic yard ; so 
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that the cost of manuring an imperial acre with it 
was from £S, 10s. to £5, 5s. 

This black vegetable matter is not a peat, but 
a deposit composed of sphagnum moss, rushes, 
hazel, alder, willow, in leaves and twigs. Its con- 
stituents were ascertained by Dr Anderson in 
1850, viz. :— 
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in the dry state, after exposure to the air. The 
constituents are valuable on account of the nitro- 
gen they contain, which is 1.5 per cent in the dry 
state, and 0.9 per cent in the state examined, 
which was of course drier than when taken out of 
the deposit. This substance was used to act 
mechanically upon poor thin day; but after an 
incorporation, the soil becomes a clay loam, still 
open. It constitutes, in short, the entire vegetable 
matter of the soil It has been applied to all the 
fields but two, which are yet undone. The horses 
were severely worked on carting on this substance 
to the land, on account of the deep rutting of the 
wheels which so much cartage on deep-ploughed 
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land occasioned. They, nevertheless, retained their 
good health, and still work on the farm. In dry 
weather the ploughing -in of this matter was 
heavy, not so much on account of the deep furrow 
as the rutted state of the ground. This substance 
is found acceptable to all sorts of plants in the 
garden. It is a complete deodoriser of liquid 
manure. It was put on the land to keep it open, 
and lime will only be subsequently applied to 
meet the wants of vegetation. It is used as a 
bottoming to all the courts and boxes in the 
steading, with the view of absorbing the liquid 
from the cattle, and of making a compounded 
manure with straw. 

This vegetable matter, after being ploughed in, 
is beneficially acted on by the atmosphere ; it in- 
corporates with the soil, and saves a furrow in the 
working of the land. Besides this substance, the 
turnips in 1854 were manured with 2^ cwt. of 
guano. When the matter is laid on in dry 
weather, the turnips are always good ; but in wet, 
the rutting of the soil has an injurious effect 
upon them. This substance proves of no incon- 
venience to the singling of the turnip plants, 
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except when an occasional large lump may have 
been left unbroken. The turnips raised by it 
were the purple-top yellow and green globe. 
When the barley land is covered with this sub- 
stance, it is ploughed and sown without any dung. 
The barley of crop 1854, treated in this manner, 
weighed 16 stones 3 lb. the boll of 4 bushels, or 
nearly 57 lb. the bushel — a heavy weight for barley. 
When not treated with vegetable matter, the bar- 
ley land only receives one furrow, and that furrow 
is given at any time the land is in a proper state 
for it, even as early as November, after the turnips 
have been stored. The subsequent rains do not 
render the land firm with this substance in it, and 
the land harrows freely. Barley is here found to 
have a darker colour after turnips, raised with 
guano and carried oflF, than when eaten off by sheep. 
The stubble of Cauldside field, of 22 acres, was 
ploughed 15 inches deep, with three horses abreast, 
in the autumn of 1850. The land was bare-fallowed 
in 1851, and covered with the vegetable substance 
in JulyandATigust, and receiyed no other manuring. 
It was sown with Hunter's wheat early iu Septem- 
ber, with about 9i cwt. of rape-cake per imperial 
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acre. The rape-cake is found to have a better 
effect upon the future crop, when sown a day or 
two before the wheat, to allow it to be softened 
with dew or rain before being harrowed into the 
soil The wheat plant grew apace, and was strong 
before winter, and its roots descended to the bot- 
tom of the pulverised subsoil before December. 
Roots of wheat at 9 inches below the surface, being 
unaffected by the winter frosts, are ready to shoot 
up with the first mild weather in spring. The 
crop of 1852 was 5^ quarters per imperial acre, 
and was of a quality to weigh 18 stones 13 lb. per 
boll of 4 bushels, or 66^ lb. per bushel — a great 
weight for wheat grown above 700 feet above the 
level of the sea. A small portion of the young 
grass after wheat was reserved for cutting for the 
horses before being sent to pasture, and for hay. 
The hay crop was about 250 stones per imperial 
acre, of 22 lb. to the stone. The remainder of the 
grass was pastured with Cheviot ewes and their 
lambs, got by Leicester tups, keeping three ewes 
and their lambs to the acre. Four scores of ewes 
had seven scores of lambs, and three of the ewes 
had three lambs each. The lambs were sold for 



112 TESTER DEEP LAND-CULTURE. 

£1 each. The aftermath, after the lambs were 
gone, was pastured with cows and horses. In the 
second year the grass was pastured by Kyloe 
cows and their calves, as also by horses and cows. 
The stocking was equal to one head of oxen 
per acre. 

The Easter Muir field, with originally a stiff hard 
clay soU, and clay moorband pan subsoil, contain- 
ing 22| acres imperial, was in oats when in an 
undrained state, which produced 74^ quarters, equal 
to 31^ bushels the acre. It was thorough-drained 
and bare-fallowed in 1849. In 1850 it carried 
oats, which produced 103^ quarters, equal to 43^ 
bushels the acre. In 1851 it was bare-faUowed, 
manured with 180 cubic yards of the vegetable 
matter per acre, and deep-ploughed with the 
Tweeddale plough to the depth of 14 inches. In 
1852 it was in wheat, which produced 91 i quarters 
of good, and 6^ quarters of light wheat, equal to 
41f bushels the acre, realising d£*12, 18s. 9d. the 
acre. In 1853 the young grass kept seventy ewes 
and seventy-three lambs all the season, and twenty 
cattle from 12th to 26th July. In 1854 the 
second year's grass kept twenty cattle, from 27th 
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April to 19th May, when it was afterwards let for 
the season at £4iO, 

The Greenlaw field, of originaUy a stiff sandy 
clay soil, and a clay subsoil, with much moorband 
pan and stones, containing 43^ acres imperial, was 
in oats, after old grass undrained, which produced 
139i qiiarters, equal to 30| bushels the acre. It 
was thorough-drained in 1852, manured with 180 
cubic yards of the vegetable matter, and deep- 
ploughed with the Tweeddale plough to the depth 
of 14 inches, and prepared for turnips and bare 
fallow. In 1853, 26^ acres were in wheat, which 
produced of good 60^ quarters, and of light 2^ 
quarters, equal to 22f bushels the acre, realising 
.£10, Is. 4d. the acre ; and 16| acres grew barley, 
which, of good produced 61 f quarters, and 5^ 
quarters of light, equal to 38^ bushels the acre, 
realising £9, 2s. 6d. the acre. 

The wheat realised, altogether, . £276 15 6 

The barley realised, altogether, . 159 16 7^ 

Together, . . £436 12 IJ 

In 1854 the young grass kept eighty ewes and 
one hundred and thirty-one lambs from March. 
The lambs were sold in July and August, and the 
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ewes in October and November — all fat. It also 
kept a mare and foal all the season ; three cows 
from 1st August to end of October ; seven farm^ 
horses from 28th August to 1st November ; and 
thirteen calves all October. It yielded, besides, 
1000 stones of hay, at 9d. per stone. The second 
year's grass will be in 1855. 

The particulars contained in the foregoing state- 
ments afford some usefdl information. Before 
the thorough-drainage of Danskine farm, the oats 
yielded about 30 bushels the acre. Thorough- 
draining alone increased the yield of oats to above 
40 bushels, the increase of 10 bushels being more 
than 400 lb. of grain in weight from the acre; 
while deep-ploughing and manuring with vege- 
table matter, superadded to the thorough-draining, 
caused the increase to exceed 40 bushels of wheat, 
being an increase in weight of grain of at least 
630 lb. to the acre. An increase to the power of 
land to raise 40 bushels of wheat, instead of 30 
bushels of oats, will be appreciated by every prac- 
tical farmer. Even the inferior crop of 1853 on 
the same farm realised the sum of e&436, 12s., off 
43 acres — ^upwards of .^10 an acre ; while the entire 
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cost of draJTiiTig, deep-ploughing, and vegetable 
manuring was a little above £1S an acre. As the 
vegetable matter would be available for the future 
crops of the rotation, and had 1853 been as good 
a year for wheat as the one before, or the year 
after, that single crop would have repaid the entire 
expenses, heavy as they necessarily were. 

On the Moss Bents field of Tester Mains the 
subsoil - trench - ploughing, and manuring with 
farm -yard dung on bare fallow, produced 38^ 
bushels of wheat per acre in 1852 ; while pre- 
viously the same field, after being thorough-drained, 
yielded only 29 bushels of oats. The oats would 
weigh 1160 lb., and the wheat 2400 lb., which is 
more than double the weight of grain, and of a 
superior kind, too, from the acre. The Long Bents 
field, on the same ferm, yielded, in 1848, 37 bushels 
of oats the acre ; and in 1853, after being subsoil- 
trench-ploughed, it yielded 61 bushels of oats to 
the acre, making a diflference of 1080 lb. of grain 
tD the acre in favour of the pulverisation of the 
subsoil 

The Holmes Park of Broadwoodside farm, after 
being subsoil -trench -ploughed in 1850, carried 
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43i bushels of oats to the acre in 1851, and 39 
bushels of barley in 1853. The Kitchen Croft 
of the same farm yielded 34^ bushels of wheat 
in 1850, after being subsoil-trench-ploughed and 
bare-fallowed, and in 1852, 53 bushels of barley 
to the acre. 

Such crops of grain as these indicate the soil to 
be in a sound bearing state ; and they are results 
very different from what was to be expected from 
the same land at one time worth not more than from 
6s. to 10s. an acre. But the increase is still more 
striking in the green crops oftumips and grass. The 
turnips have increased from a very moderate crop 
of certainly not more than 12 or 15 tons on the 
acre, though not weighed, to upwards of 30 tons 
the acre, ascertained by weight and measure- 
ment. Such an increase as this, in so valuable 
a root as the turnip, is incalculable, as its 
quality in food increases proportionately with 
the weight of crop. The grass, as green forage 
aud pasture, affords a remarkable instance of im- 
provement. A yield of 250 stones of hay the acre 
is a heavy one from any soil, but remarkably so 
from a son so recently ahnost in a state of nature. 
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The mamtenance of three ewes with their lambs, 
many of them double, on the acre, indicates a feed- 
ing power in the improved soil of no mean order ; 
and the same result is confirmed on the pasture of 
Danskine, a high -lying farm, supporting, in a 
thriving condition all summer, an ox to the acre. 
Every practical farmer will be able to appreciate 
the value of so much increased produce from the 
soil, of the various crops raised in this country, as 
have been enumerated. He knows that land, which 
was originally worth 10s. an acre overhead, yield- 
ing such crops as the above figures indicate — ^and 
the figures are derived from books most accurately 
and minutely kept — ^is now worth a great deal 
more. Not having been let to tenants since their 
improvement, it is difficult to put a market value 
upon the land as regards rent; but experience 
would not consider it stretching a point were it 
stated, as the belief of one, that the land had in- 
creased in value four or perhaps five fold. In- 
deed, when the great saving in working the farm 
for the future is taken into due consideration, the 
value of the land is worth even more than what 
has been suggested. One circumstance corrobo- 



118 TESTER DEEP LAND-CULTURE. 

rates such a conclusion. Both the wheat and the 
barley grown on the Tester farms now realise the 
top prices in the Haddington market; and the 
Haddington market is a severe test on the value of 
any grain presented at it, inasmuch as grain is 
shown there that has been raised on as good soil, 
as favourable a climate, and with as much skill as 
in any district of the kingdom. But wheat that 
has attained 66 lb., barley 57 lb., and oats 44 lb. 
the bushel, need not fear competition in any market, 
and from any locality. 

Besides these direct instances of the increase of 
produce, the economy of the system may be judged 
of by the following particulars : — 

It is the opinion of the stewards upon the {sums 
that six pairs of horses will now be able to accom- 
plish what it has taken eight pairs to do hitherto. 
Here, then, in one department of labour alone, is 
a saving of 25 per cent. This is the opinion of 
men who had been ploughmen themselves, and who 
had seen the state of the soil before as well as 
after the improvements, and who have therefore 
been many years in the service of the Marquess. 

Economy in horse labour arises from cessation of 
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ploughing, from the autumn cross-ploughing of 
the stubble to the maJdng up of the land for turnips 
in spring. The advantage of a cessation from plough- 
ing in winter will be best understood by those who 
have heavy clay soils to manage, even after being 
thorough-drained ; because if such were stirred at 
anytime in spring in a moist state, or before a £eJ1 
of rain, they are sure to be converted, in the first dry 
weather, into tough obdurate clods, which require 
no inconsiderable amount of labour to reduce, 
and to effect which, clod-crushers, grubbers, and 
rollers must be called into requisition. The 
Yester deep - ploughed land requires no such 
assistance. 

Such a direct saving of labour is a great fur- 
therance to having the spring work so far advanced 
in autumn as to render the farmer independent of 
the weather both in winter and spring. The winter 
farrow lies snugly awaiting the call in spring, at 
the time when it is in the best state to be worked; 
and should the weather still prove adverse, the 
land can wait for the best weather, since it is 
already in a sufficiently pulverised state. The 
power of thus Only working the soil when it is in 
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the best state to receive the labour is equivalent to 
a saving of labour. 

A saving may also be eflfected in the purchase 
of implements. Many of the most costly imple- 
ments employed on forms, such as Norwegian har- 
rows, Crosskill's clod-crushers, grubbers, rollers, 
are used only for pulverising the soil The occu- 
pation of such implements is gone in the Tester 
deep land-culture. The subsoil-trench-ploughing, 
by one double operation, eflfectually and perma- 
nently pulverises not only the soil, but the subsoil 
to the depth of 19 or 20 inches ; and the Tweed- 
dale plough itself afterwards maintains the soU 
in a state of pulverisation to the depth of 15 
inches, leaving stiU a stirred subsoil of 4 or 5 
inches beneath a really unusually deep furrow. 
Experience has fully established that, from the 
pulverised state of the soU in spring, no other 
implements are wanting for the cultivation of the 
soil than the ploughs described above, together 
with the common harrow with longer tines. 

Another saving is eflfected in the manual labour 
bestowed on the fields. The deep-ploughing hav- 
ing eradicated all the strong-rooted weeds, no wrack 
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or couch grass has to be hand-picked, few stones 
to be gathered from the surface, no large plants 
to be weed-hooked amongst the growing crops. 
Such a saving as this is not easily estimated, but 
the work it saves usually constitutes an item in 
farm expenditure worthy of consideration. 

The hastening of the ripening of grain crops in 
an upland or late district is one of the advantages 
insured by the Yester system of deep land-culture. 
A harvest delayed for a fortnight or three weeks 
beyond the period it might have been ready, 
is a serious consideration for the farmer, both in 
the cutting down and in the gathering-in of the 
crop. The entire value of a crop of wheat or of 
barley may depend upon the state of the weather 
experienced after such a delay; and in a late harvest 
the days are, besides, much shorter for executing 
so great a work as a harvest always is. 

Besides the positive advantages derivable from 
this system of land cultivation, there are negative 
ones of equal value. Let any amount of rain fall 
upon the pulTerised soU and subsoU, attained by 
means of subsoil-trench-ploughing, to 19 inches in 
depth, and the soil never becomes in a sour and 
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poachy state ; and observation has proved that it 
never again becomes so cold as land in the com- 
monly cultivated state. This negative advantage 
produces a positive one, which is, that young wheat- 
plants and young clovers are never thrown out of 
the ground in winter or spring, however late or 
cold the weather may be. Another thing is, that 
snow lies a shorter time on the ground in spring. 
This arises from the frost not having a moist soil 
to act upon, and it therefore does not leave the 
surface-soil in a state of apparent fermentation, in 
which weak soils seem offcen to be in spring. 

XII. The Wobking Strength of the Yester 

Farms. 

It is not to be supposed that operations of such 
magnitude as have been conducted by the Mar- 
quess for a number of years would escape observa- 
tion. Indeed, no farming operations can be hid 
from public view. There is no business so patent 
to the world as that of the farmer. Nor was it 
desired by his lordship that his great aim should 
be imknown to the agricultural community. His 
drain-tile machine, which gave an impetus to tho- 
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rough-draining, so as to render it universally expe- 
dient to use macliine-made drain-tiles, had already 
been figured and described. His deep-plough and 
trench-subsoiler had also been particularly figured , 
ajid described. His subsoil-trench-plouglung had 
been seen by many, and made known by the me- 
dium of the periodical press. Numerous farmers 
had witnessed the admirable working of his steam- 
ploughs. His lordship has always courted remark, 
and eyen criticism, on eyery paxticulax of Ms ope- 
rations. Both have been freely expressed by not a 
few farmers, and the conclusion arrived at by some 
of them is, that the "force of money" had done all 
that his lordship has accomplished in farming, and 
that no farmer could attempt to do what he has 
done. This seems a Tery extraordinary conclusion 
for a mind desirous of truth to arrive at. No one 
denies that his lordship was the first to invent a 
drain-tile machine, and it is equally apparent that, 
untU the Tweeddale plough was constructed, the 
soil had never been satisfactorily deep-ploughed on 
a large scale with four horses, nor the subsoil eflfeo- 
tually trenched until the Tweeddale subsoil-trench- 
plough exhibited its simple form. No one doubts 
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that both these implements require less draught 
than others of their class; some requiring a squad- 
ron of horses, others a capstan and chain, to move 
them in their clumsy and imperfect work. No 
" force of money ". was required to produce those 
simple implements, nor any other force but the 
force of mind which created them. Instead of 
being efforts of wealth, these inventions are 
simply instances of a nobleman acquiring a tho- 
rough knowledge of practical agriculture, and 
showing the way how to treat land to produce a 
larger return, at less cost than what is usually 
incurred by farmers in general When such an 
advancement occurs in practice, the farmer who 
hesitates to follow the practice is not entitled 
to consider himself one of the most intelligent of 
his class, or one always desirous of adopting the 
best practices when he can hear and obtain proofs 
of their excellence. The Marquess of Tweeddale 
has shown that, as a proprietor of land, he is also 
a practical farmer of land— understands its nature 
and capabilities as well as the best farmers — ad- 
vances its cultivation beyond what most farmers 
have yet attempted — and produces implements for 
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its pulverisation beyond the most ingenious imple- 
ment-maker. In aU these respects his lordship's 
case, as a landed proprietor, is a special one ; for few 
proprietors have a practical knowledge of agricnl- 
ture, and fewer still who trouble themselves with 
its improvement. Yet in all these respects the 
Marquess has done no more than what was within 
the power of every farmer to have accomplished 
who possessed the same inventive faculty. The 
construction of the deep and trench ploughs cost 
his lordship, it is true, much thought, much expendi- 
ture of time and money, and his workpeople much 
trouble and annoyance ; but now that these imple- 
ments have proved theirusefulness, their use is freely 
offered to every farmer who will employ them ; and 
their use involves no "force of money '' beyond what 
every fanner, occupying a moderate-sized fEurm, 
might prudently expend. Every small farmer can- 
not, it is also true, employ them ; for in cases of 
strong clay surface-soils and subsoils, the strength 
required to pulverise them sufficiently is not less 
than that of four pairs of horses, and every farmer 
does not possess that number; but farmers so 
situated may perhaps obtain assistance from power- 
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fill neighbours, or fi*om horses on hire. But with 
open subsoils, their pulverisation to the depth of 
15 inches — a depth much beyond ordinary trench- 
ploughing with four horses— may be eflfected by 
means of three horses yoked abreast, with com- 
pensation swing-trees. It is a small fann that can- 
not muster three horses. It is thus evident that 
less " force of money'' is required to prosecute the 
Marquess's plan of deep land-culture than other 
modes haviag the same end ; and farther proof of 
this may be obtained by inspecting the cost of sub- 
soU-trench-ploughing given on a preceding page, 
and the working strength employed on each of the 
Yester farms given below. This workiug strength 
was the instrumentality by means of which the 
Marquess converted the soils and subsoils on each 
of the Yester farms from what they were to what 
they are. 

At Yester Mains, containiog 504 imperial acres, 
eight pairs of horses and eight ploughmen have 
been usually employed. Besides performing the cus- 
tomary labours of the fields, they have to bring 
coals from the coal-hill for the mansion-house and 
garden — draw wood to the saw-mill — stones and 
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gravel to the roads and drives — ^hay, com, and 
straw to the riding-stables — cart vegetable matter 
from Danskine to the land or elsewhere — and per- 
fonn a number of jobs about the ground. A 
cattleman and two assistant boys are required to 
look after about seventy head of oxen and cows, and 
a niunber of pigs. One man and eight boys and 
girls are employed in the various manual operations 
of the faxm — such as assisting in the making of the 
potato and turnip laud ; singling and hoeing the 
turnips ; pulling them, rooting, and shawing and 
filling them into carts ; making meadow hay; reap- 
ing at harvest ; attending on the thrashing-machine ; 
raking dead. leaves about the grounds, and doing 
many other jobs. Two labourers are also employed 
to feed the thrashing-machine, stack the straw, 
cut gaw-forrows in the fields, pile up turnips in 
store, and other similar works about the farm. 

On Broadwoodside, containing 228 imperial 
acres, three pairs of horses and three ploughmen 
are employed. Besides the ordinary farm-work, 
they drive coals from the coal -hill for the use 
of the mansion-house and garden, gravel to the 
drives, vegetable matter from Danskine for the 
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land, and wood for fences. There are four women- 
workers, who, besides doing the manual labonr 
required in the fields, attend the thrashing-mill 
and com-bam. A labourer feeds in to the thrash- 
ing-mill, fills dung, and does other sundry joba 
A boy attends to the cattle, including cows. 

On Danskine, containing 235 imperial acres, 
three pairs of horses and an odd one are employed, 
and three ploughmen, and a lad to work the odd 
horse. The ploughmen of this farm have little 
else to do than work the farm-work, which in- 
cludes the driving of the vegetable matter to the 
land. Three women-workers perform the manual 
labours of the fields, and attend the thrashing- 
machine and com-bam ; a labourer jobs at any 
work on the farm ; and a boy attends the cattle 
and cows. 

The wages of the grieves, ploughmen, labourers, 
and field-workers of these farms are regulated by 
the rate of the county. The grieves and plough- 
men receive a comfortable house and good garden, 
with the keep of a cow for the year. The la- 
bourers' wages vary according to the demand. 
The women-workers receive five shillings a-weeL 
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The grieves have all been ploughmen on the 
farms which they now superintend. One of the 
present grieves has been thirty years in the Mar- 
quess's service, the other two several years. They 
were all promoted to the grieveship for their skill, 
character, and conduct as ploughman. 

To those who wish to adopt the Yester deep 
land-culture, diflBculties will at first arise in the 
use of the implements and the guidance of two 
pairs of horses together; but one of the many 
results at Yester indicate that intelligent and 
true-working grieves, ploughmen, and horses, will 
soon accommodate themselves to the work, and 
learn to evade every difficulty. 

A single glance will suffice to inform any farmer 
that on none of the farms is a greater strength 
maintained than what is usually required to work 
their respective quantities of land. On Yester 
Mains are eight pairs of horses to work 504 im- 
perial acres — ^that is, 63 acres to each pair — ^which 
is quite enough on any farm on which the five- 
course shift is practised on friable loam, and too 
much where the farm consists principally of strong 
clay. Each pair of horses must have a ploughman 

( 
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to take charge of and work them. Eight field- 
workers and a superintending grieve are not too 
many for a farm of 500 acres. Over and above 
the ordinary labours of a faxm, the men alid horses 
and field-workers have jobs to do that are not 
common on a farm ; such as raking and leading 
oflf dry leaves from extensive grounds — Pleading 
wood to and from the saw-mill — Pleading straw, 
hay, and com to the riding-stables, which are 
always extensive in a nobleman's establishment — 
and driving coals for the use of the mansion-house 
and garden, which amount to a large number of 
loads in the course of the year. One cattleman at 
least is required to take the charge of the cattle 
in winter, and a large private dairy belonging to 
the mansion-house ; and where these are nume- 
rous, as they are at Yester Mains, two assistant 
boys are also required for the better attending 
to their welfare. A shepherd is required where a 
breeding flock is kept on a farm. A labourer is 
also required to keep the fences and ditches in 
order, and to do many other smaller jobs which are 
too frequently neglected to be done by tenants. 
Now, it cannot with truth be said that a larger 
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working establishment is maintained on the fiaxm 
of Tester Mains than what is requisite on farms of 
similar extent in the occupation of tenants. Any 
argument founded on the " force of money/' cannot, 
therefore, be appUcable to the extent and kind of 
work that has been done on this farm up to the 
present time; for every tenant, occupying a similar 
extent of farm, would require the same strength to 
conduct it in the ordinary way that an improving 
farm is conducted, without reckoning on the extra 
labour bestowed upon the subsoil-trench-ploughing. 
Two pairs of horses out of the eight are to be re- 
duced for the future on this farm; and were it not 
for the heavy extra cartage which the horses here 
have to perform for the house and garden, five 
pairs would be sufficient to do all the &rm work. 

Each pair of horses work 76 acres on Broad- 
woodside farm, which is a sufficient quantity of 
land for any pair of horses to work. The number 
of labourers of all kinds is not greater than the 
size of the farm warrants. The jobs, extrinsic to 
the labour of the farm, are imdertaken by the 
ploughmen of this farm in common with those of 
Yester Mains. 
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On Danskine farm 67 acres are allotted to each 
pair of horses, assisted by an odd horse. From 
the hilly nature of the surface of this farm, that 
extent of land is quite enough for the horses. The 
ploughmen are chiefly confined to what is done on 
the farm, the driving of the vegetable matter to the 
land being their chief extra labour. The labourers 
are not too numerous for a farm of 235 acres. 

Xni. Conclusion. 

The Marquess of Tweeddale was among the first 
to allow the claims of thorough-draining as the 
basis of all land improvement ; because without it 
deep-ploughing would only form a deeper reser- 
voir for water to collect in and stagnate, and 
thereby inflict a more certain injury on vegetation. 
Although the Marquess was not the first drainer 
to direct the public attention to the great and 
paramount subject of thorough-draining, land- 
drainers are nevertheless aware that it is to the 
facility of obtaining an abundant and ready supply 
of drain-tiles at a reasonable cost that the very 
rapid extension of thorough-draining throughout 
the kingdom is to be ascribed. So rapidly did it 
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extend itself, in consequence of the abundant supply 
of drain-tiles, that, in the course of only three years, 
two millions of the public money were applied for 
by the agriculturists of Scotland from the Govern- 
ment to expend in that operation, besides the sums 
demanded by those of England and Ireland. Since 
then a farther grant for drainage has been made. 

Now, it is to the Marquess of Tweeddale that 
land-diainers are indebted for the unlimited supply 
of drain-tiles at a reasonable cost ; for it was his 
lordship who invented the first drain-tile machine, 
a model of which was exhibited by him at the gene- 
ral show of the Highland and Agricultural Society, 
at Inverness, as far back as October 1836. This 
machine moulded drain-tiles in the form of tUes 
and soles, and it gave rise to the multifarious forms 
which the machine assumed in after years, and 
which are now quite familiar to every farmer. 

After the land had been thorough-drained, the 
great object aimed at by the Marquess was the 
pulverisation of the svhsoil to a great depth ; be- 
cause he was convinced that the influence exercised 
by the state of the subsoU upon the health of the 
plants growing in the upper soU was much greater 
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than farmers seemed to be aware of. Indeed, the 
only object of thorough-draining is to render the 
subsoil drier ; the dryness of the upper soil being 
secured at times by the atmosphere, while its por- 
osity is always maintained by the action of the im- 
plements used in cultivation, to a degree sufficient 
for all the purposes of vegetation. The subsoil, it 
must be understood, in an agricultural sense, is the 
stratum of ground immediately below the action of 
the common plough, to whatever depth it may be 
urged to go. Pulverisation of this sub-stratum can- 
not be eflfected to the depth and state desired by any 
implements in common use, whether for the sub- 
soil or otherwise ; so that the only alternative a 
determined subsoiler had, was to invent new im- 
plements to effect that desirable purpose. The 
Marquess set to work and invented such imple- 
ments. The Tweeddale deep-plough, and the 
Tweeddale subsoil-trench-plough, acting in unison, 
effect the pulverisation of the subsoil to a depth 
of 20 inches, and a sufficient degree of fineness, in 
the most obdurate and difficult of cases, as weU 
as in the most easy. 
The advantages expected to be derived from 
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pulverisation of the subsoil are numerous. Its 
porosity should assist in a marked degree the des- 
sicating powers of drains, and promote the circu- 
lation of air through its mass. Its capillarity 
should supply moisture from the eflfects of the 
drains below to the roots of plants growing in the 
upper soU, in proportion to the intensity of eva- 
poration of the moisture from the surface in dry 
weather. In its comminuted state, it should absorb 
moisture from dews, and from the lower portion of 
the atmosphere at night in a period of drought. 
In its change of colour to a darker hue, from 
drainage and deep-ploughing, and by commixture 
with the surface soil and manures, it should 
absorb a larger proportion of solar heat and light 
than in its imchanged state. In its aluminous 
character it should absorb the free gases from the 
atmosphere, as well as from the air and the rain 
which traverse it. The mixture of the consti- 
tuents of the surface soil and subsoil should induce 
action of the electric element. The great depth of 
pulverised subsoil should afford an extensive field 
for the food-searching fibres of enlarging roots of 
plants to roam in ; and it should place a large 
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pmfomm of the sohskinl itself beyond the readi of 
the erer-dianging ocmdhums of die sesscms. ItB 
genenl dirn^ shanld place die roots o( pbmts in 
a sate medium from frosts. Its diviabilitT should 
render ereiy species of hdxrar performed in it of 
easy execution. The yariety of its constituents, 
consisting of organic and inorganic materials, <rf 
minerals, metals, and salts, should be ready to co- 
operate with any of the ingredients of the manures 
used in the surface soil, and which may find their 
way into the subsoil, by means of rain or other- 
wise, as they are let loose by decomposition, and 
be there retained for the use of the roots of plants. 

Most of theso advantageous changes are super- 
induced by deep-ploughing upon those of thorou^- 
draining, and they are sources of fertility to both 
surface soil and subsoil, to a perceptible degree ; or, 
at all events, they convert the ordinary medium tra- 
versed by the roots of plants from an unsafe into a 
safe state — a, state in which manures readily incor- 
porate with the soil, and impart their greatest 
degree of nourishment to the roots of plants. 

But whatever degree of benefit may be derived 
from an emended state of the physical condition of 
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the surface soil and subsoil, their efficient fertility 
must still mainly depend upon the influences of the 
manures supplied them. The same quantity of 
manure, however, will fertilise to a higher degree 
the same extent of surface soil and subsoil when 
emended in their physical condition. The same 
plants will derive more and better nourishment 
from the same manures, in a surface soil and sub- 
soil that have been emended in their physical con- 
dition. Thus, then, the assumption may be war- 
ranted, that plants growing in a surface soil and 
subsoil emended in their physical condition, will 
acquire a larger stature, and yield a greater quan- 
tity of products of finer quality. Experience has 
amply proved the truth of the assumption. 

But the Marquess has not confined his exertions 
to the amendment of the surface soil and subsoil 
only. A finer class of plants — one higher bred, if the 
phrase may be allowed in reference to plants — seems 
requisite to occupy an emended condition of the sur- 
face soil and subsoil. Accordingly, his lordship has 
directed his attention to efiecting such a change on 
the constitutional habits of the cultivated plants, 
as to suit their growing existence to the altered 
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and emended condition of the surface soU and sub- 
soil From its very terms, such an experimental 
improvement does not seem an easy task to under- 
take ; but the results show, as fer as they have 
been completed, that his lordship has successfully 
accomplished it. 

The first cultivated plant that has been subjected 
to experimental improvement by his lordship is 
the turnip. Distinct species of turnips are femi- 
liarly spoken of by farmers throughout the country, 
and each of them possesses such marked characters 
as to render a confusion of their identity most 
improbable. No farmer confounds a white globe 
turnip with any of the yellow kinds, nor either 
with the swede — ^regarding the last plant as a 
turnip in the common acceptation of the term. 
But, nevertheless, such a number of varieties have 
had their origin from each of the above species, 
that when one of the species is referred to in a 
district, its exact variety is not understood alike by 
a residenter and a stranger. It seems impossible 
that such an identity of character in a variety 
should be established as to be generally imderstood, 
for one variety may grow better in one district 
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than in another, and one variety better than an- 
other in the same district, and in consequence the 
better varieties obtain the preference, and are re- 
tained for culture. But, nevertheless, one variety 
must be more valuable as food than another from 
the same species, in whatever district, because two 
or more best things cannot spring from the same 
source ; and hence the variety that possesses the 
largest proportion of valuable properties for feeding 
in one district, wiU possess the same in another dis- 
trict, provided the same conditions of soil, culture, 
and skill are used in its growth. 

With reasonings such as these, the Marquess 
first took the purple-top yellow turnip to experi- 
ment upon, with the view of rendering it of as fine 
a form, as high a specific gravity, and of as valu- 
able feeding property as it was capable of attaining. 
The experiment has already proceeded so far as to 
secure the form ; the feeding property has nearly 
been reached ; and the highest specific gravity has 
yet to be attained. The form is perfect for a tur- 
nip, the bulb being a beautiful oblate spheroid ; 
the colours are distinctly marked, dark purple on 
the upper half, and buflf-yellow on the lower. The 
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root is long, and small ; the skin thin, fine, and 
oily ; the shaw small at the neck, and set upon the 
uppermost part of the bulb ; the leaves expanding, 
to receive the influence of the atmosphere. The 
growth of the plant is continued and rapid. Its 
constitution is strong, and general health vigor- 
ous. Its specific gravity has increased largely. 
When the experiments began, it was 820, taking 
water at its usual standard of 1000. It has now 
acquired a specific gravity of 970, and is expected 
to go on increasing till it reach, or it may be ex- 
ceed, that of the swede. By selecting fine bulbs, 
indicating large size and heavy weight, and trans- 
planting them in a favourable situation for growth, 
and selecting the best grown and best matured pods 
of the seed, it is presumed that their properties may 
be propagated and extended indefinitely. 

The bulk and specific gravity of the bulbs were 
ascertained by an apparatus made for the purpose. 
By fioating a bulb in water in a vessel having 
a graduated scale, and thereafter immersing the 
bulb, its cubical contents in inches are ascertained 
in an instant; and by a table already calculated, 
the specific gravity of each bulb is as quickly 
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ascertained. By these simple processes, several cart- 
loads of turnips may be examined in a few hours. 
With the assistance of such an easy and quick 
process of examination, the constitution of the 
plant has been so far modified as to result in an 
enlargement of the bulb, and an increase in its 
specific gravity to the degree above stated. An 
enlarged bulb and increased weight over an acre 
insures a heavier crop ; and hence that of 1854, in 
Steel's Walls field, Yester Mains, has reached 50 
single-horse cart-loads of 13 cwt. each ; that is, 
32^ tons to the imperial acre. Mr Gibb, of Cupar- 
Fife, sowed 65 falls Scotch, in 1854, with seed of 
the purple-top yellow turnip raised by the Mar- 
quess, and the return obtained was about 50 
double-horse cart-loads at from 15^ to 15f cwt. 
each, which is about 39 tons to the imperial acre ; 
besides two double-horse cart-loads of swedes, 
whose seed had been sown along with about 1 lb. of 
that of the yellow turnips, to make the small 
quantity of the latter go farther over the ground, 
and the swede plants were thinned out, except in 
the spaces which the yellow did not fill up. Both 
these are uncommonly large crops of turnips. 
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Similar treatment of the swede and of the 
white globe turnip as has been given to the 
purple-top yellow, might no doubt produce as 
striking results in their case as in that which has 
just been related. 

Following up his investigations with plants, the 
Marquess has instituted a series of experiments 
with wheat, with the view of ascertaining, in the 
first instance, those properties which render it 
most valuable for bread, and, in the next place, of 
fixing upon for cultivation that variety which pos- 
sesses the largest proportion of those properties, in 
order still farther to extend them by adapting the 
habits of growth of wheat with the altered and 
amended condition of the surface soil and subsoil 
by pulverisation. 

• The object of such an investigation is this : — ^The 
usual practice with farmers is to raise a variety 
of wheat that will yield the largest return per 
acre from the kind of soil which they cultivate, 
without much consideration whether the variety 
they cultivate is the best adapted for making 
bread, the ultimate use of all sorts of wheat. 
Now, it so happens that a large proportion of the 



CONCLUSION. 143 

home-grown wheat presented in our markets is 
not favourably regarded by bakers. Many bakers 
will not purchase home-grown wheat if they can 
avoid it. Many millers who grind wheat on their 
own acconnt to sell flour to bakers, evince the 
same aversion to home-grown wheat. Both mil- 
lers and bakers prefer the foreign soft wheat to our 
own, not because it is cheaper — ^for it is dearer — 
but because its properties are such as are admirably 
fitted to make a larger quantity of better bread 
than our own varieties. It is on this account, and 
no other, that the fine varieties of foreign wheat 
realise a considerably higher price — perhaps not 
less than from five to ten shillings a quarter — ^than 
the best wheat of home growth. Our own wheat 
of the inferior crop of 1853 was so bad as to make 
bread that was scarcely edible, while inferior fo- 
reign wheat of that crop made comparatively good 
bread. Now, when things are so, it seems incum- 
bent on the growers of wheat of this country to 
investigate the groimds of preference shown by 
our bakers and millers for the foreign wheat — 
to ascertain whether our own varieties of wheat 
are capable of assuming similar characteristics to 
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the foreign by an altered mode of cultivation — or 
whether it would be better to introduce a foreign 
variety into our culture from abroad^ possessing 
its already marked characteristics. One difl5culty 
in the latter case would be to render the peculiar 
properties of foreign wheat permanent in the 
altered circumstances of its cultivation in this 
country. Whichsoever expedient were adopted, 
were a variety of wheat established in our agri- 
culture suitable to each of the classes of our soils, 
our farmers would not only receive a higher price 
for their wheat, but would be able successfolly 
to compete with foreigners in the home market. 

Under such a system of investigation, one plant 
after another of the farm would be subjected to a 
discipline by which their intrinsic value might be 
greatly enhanced. With regard to barley, it is 
known that every sample is not equally well 
adapted for converting into malt. It is doubtful 
whether farmers are generally aware of those ex- 
ternal characters of barley which indicate the best 
conditions for malting ; and if not, it is conclusive 
that the largest quantity of malting barley is not 
raised in the country that might be, nor is the 
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price of barley received in the market as high as it 
might be. 

A still farther investigation is required. With 
an increase of bulk and weight of the plants raised 
for the support of live stock, it may still be a 
question whether their feeding properties have 
been increased in like proportion. If not, the 
improvement already reached in the condition 
of plants is not yet in its most useful, and, in con- 
sequence, most valuable state ; but if it be so, the 
value of the plants themselves has not only been 
enhanced, but that of the animals which subsist 
upon them. The flesh-making property of plants 
is a most curious, and cannot fail to prove a most 
interesting, investigation. 

With the improved purple-top yellow turnip 
the Marquess has commenced the investigation of 
plants. To afford that turnip the fairest chance of 
exercising its nutritive power upon animals, oxen 
—chiefly short-horns, with their crosses — ^have 
been placed in convenient, airy, covered loose- 
boxes, provided with troughs for turnips and 
water. After the turnip has had a fair chance of 
showing its feeding properties in its natural state, 
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a question may be reasonably asked, whether it 
would become more nourishing were the water and 
air it contains extracted; and whether it would 
be still more nourishing were its substance impreg- 
nated with highly nutritious ingredients ? There 
seems no end to such investigations. They open 
a very wide field of inquiry, in which any num- 
ber of experimenters have ample room to prose- 
cute their respective investigations. Were such 
investigations conducted in consecutive order, they 
could not faQ to prove attractive to the mind, 
and lead to successive results rising in a scale 
towards perfection, which would establish conclu- 
sions with as much certainty as any subject sup- 
ported by a series of the strictest logical reasonings. 
Thus terminates the proposed description of a 
great work in agriculture; for great, assuredly, 
must be the exertion, and persevering the energy 
of that fermer who undertakes to thorough-drain 
1000 acres of land to the depth of 33 inches, and 
afterwards to pulverise, with a permanency of char- 
acter, the surface soil and subsoil of that extent of 
ground to the depth of 19 or 20 inches. To have 
performed that amount of work within a few years. 



.CONCLUSION. 147 

with the implements in ordinary use, would be 
much for any farmer to say he had done in a 
manner satisfactory to Jiimself ; but when it is 
borne in mind that no implements exist with which 
the ordinary working strength of a ferm could pul- 
verise the surface soil and subsoil to such a depth 
— ^when, without more adequate means, such a work 
could only be attempted approxLmately by men with 
spades, but less effectually and at greater cost — 
when new implements had to be contrived before 
such a depth of pulverisation of the surfece soil and 
subsoil could be effected, and by repeated experi- 
mental trials, necessarily accompanied with much 
expenditure of time and capital — ^then the labour of 
accomplishing such a great work was increased 
manifold. When a grand system of cultivating the 
SOU is discovered and established through the in- 
strumentality of great labour, the discoverer may 
justly feel proud of it ; but when the discoverer, 
immediately on establishing his system on a secure 
basis, by his own experience, proffers it for the 
use of every landed proprietor and farmer that 
chooses to adopt it, the discovery is elevated to 
a national importance. 
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The Marquess of Tweeddale has for years vol- 
imtarily imdergone this labour, and has thereby 
discovered and established what may appropriately 
be termed the Yester system of deep land-culture. 
It has been worked out by the Marquess's own 
inventive faculty and practical talent, and his 
lordship is therefore folly entitled to all the hon- 
our usually conferred on important inventiona 
By it his lordship has also earned the gratitude 
of the farming interest, and especially for thus pub- 
licly proflfering for their use a system of land- 
culture he has foimd, by his own experience, pro- 
fitable as well as practicable. In doing this, his 
lordship is doing a disinterested and a patriotic 
act. It now rests with proprietors and farmers 
themselves to take advantage of his lordship's dis- 
interested offer. 



THE END. 
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niston. A new Edition, greatly enlarged, with 100 lUnstrationB engraTed on wood. 
Dony 8to, price 218. 

'* B^ond all doubt this is the best woHe on the sobjeet of Foresti7 extant **—-litetla»- 
en^JourwU. 

*' We can refier to Ub rdiame as tbs book to be reoomuBended.*'— LtiidfeirV Gardm^ 
en* Chronicle, 

THE HANDBOOK OF THE MECHANICAL ARTS : Being 

Practical Hints on the Constmcticm and Arrangement of Dwdlings and other BniMings, 
and in Carpentry, Smith-work, Cements, Plastering, Brick-mal^ig, WeB-etnUng, &• 
dosing of Land, Road-making, &c By Robbkt Soott Bc&ir, Engineer. In 8to, with 
nnmeroos Ulustrattons, price 5s. 

PRACTICAL VENTILATION, as applied to Public, Domes^ 

tic, and Agricoltoral Structures. By R. Scott Burh, Engineer. 6b. 

DWELLINGS FOR THE WORKING CLASSES : their 

Construction and Arrangement, with Plans, Elevations, and Specifications, sngge sU ye 
of Structures adapted to the Agricultural and Mannfaetiiring Districts. By R. Soott 
Burn. 4to, with numerous Diagrams, 3s. 

ELKINGTONS SYSTEM OF DRAINING. By J. John- 

8T0NB. A new Edition. 4to, 10s. 6d. 

THE PREPARATION OF COOKED FOOD FOR THE 

FATTENING OF CATTLE, and the adirantage of Using it along with Cot Straw, 
Hay, Turnips, or other Vegetables. By Thomas HARKiVBtw. 6d. 

JOURNAL OF AGRICULTURE, AND TRANSACTIONS 

OF THE HIGHLAND AND AGRICULTURAL SOCIETY OF SCOTLAND. 

Old Sbriks, 1828 to 1843, 21 Tols. . . . L.3 3 
Naw SsRiBs, 1843 to 1851, StoIs. ... 230 

AGRICULTURAL PHYSIOLOGY, Animal and Vegetable, 

for tbe Use of Practical Agriculturists. By T. L. Kemp, M.D. Cnnrn 8vo, & (ML 

THE RURAL ECONOMY OF ENGLAND, SCOTLAND, 

AND IRELAND. By Lboncx oa LAvaROMB. Translated trma the French. With 
Notes by a Scottish Farmer. In 8vo, price 12s. 

THE BOOK OF THE GARDEN. By Charles MIntosh. 

Volume I. relates to the Formation and Arrangement of Gardens ; the Erection, Heat- 
ing, Ventilation, and General Detail of Conservatories, Hothouses, Pits, and other Gar- 
den Structures ; the Laying out of Flower Gardens, and oi the Objects of Natnve and 
Art appropriate to each Style. Illustrated with 1073 Engravingib Price £2, 10s. 

Volume IL contains the Cultural Management of the Kitchen Garden, Fruit GardeSi 
Forchig Houses, Plant Houses, and Floww Garden, with carrftolly-oompfled Setoet Lists 

of V^;etaMeM, Fruits, Flowers, and Oraamental Shrubs, and Copioos Ii^Jeas. l]h» 

tmted with 279 Engravings on Wood. Pnc« £\ , \1%. ^. 
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THE CHEMISTRY OF VEGETABLE AND ANIMAL 

PHYSIOLOGY. By Dr J. G. Muldkr, Profenor of Chemiitiy in the UniTenlly of 
Utrecht. Translated by Dr P. F. H. Frombero ; with an Introdaction and Kotee by 
FrofiBSBor Johnston. 22Plat6i. 8to, 30s. 

INTRODUCTORY TEXT- BOOK OF GEOLOGY. By 

Datid Paon, F.G.S. With Illustrations. Price la. 6d. 

THE GRASSES OF BRITAIN. lUustrated by 140 figures, 

drawn and engraved by Richard Parnnll, M.D., F JI.S.E. In one large Tohune Bfo, 
43b. 

THE GRASSES OF SCOTLAND. By the same Author. 

8to, 20s. 

ITALIAN IRRIGATION. A Report on the Agricultural 

Canals of Piedmont and Lombardy, addressed to the Hon. the Conrt of Directors of the 
E. L Company, by Captain Baird Smith. 3 vols. 8vo, and Atlas in folio, 24s. 

THE ARCHITECTURE OF THE FARM. A Series of 

Designs for Farm Houses, Farm Steadings, Factors* Houses and Cottages. By John 
Starforth, Ardiitect Sixty-two Engravings. In medium 4to, £2, 2a. 

** One of the most useful and beautiful additions to Messrs Blackwood's extensive and 
valuable library of agricultural and rural economy."— Jfomlf^ PoaL 

A MANUAL OF PRACTICAL DRAINING. By Henby 

Strphbns, F.B.S.E., Author of ** The Book of the Farm." Third Edition, Svo, 5s. 

A CATECHISM OF PRACTICAL AGRICULTURE. By 

HsNRT Strphbns, F.R.S.E., Author of '* The Book of the Farm." Crown Svo. (In 
the Prat.) 

THE PRACTICAL IRRIGATOR AND DRAINER By 

OaoRos Stcphcns, Member of the Neredan and Wermlandska Agricultural Socfeties 
in Sweden. Svo, 8s. 6d. 

THE PLANTERS' GUIDK By Sir Henry Steuart. A 

new Edition, with the Author's last Additions and Corrections. Svo, 21s. 

STABLE ECONOMY. A Treatise on the Management of 

Horses. By John Stbwart, Y.S. A new Edition, 6s. 6d. 

" Will always maintain its position as a standard work upon the management of 
horses."— Jlfarfc Lane Bxprest. 

ADVICE TO PURCHASERS OF HORSES. By John 

Stbwart, Y.S. ISmo, plates, 3b. 6d. 

AGRICULTURAL LABOURERS AS THEY WERK ARIL 

AND SHOULD BE, IN THEIR SOCIAL CONDITIOK. ^^ ^b% Tl^. \LkK&k 
Stuart, A.M., Minister of Oathlaw. Svo, second Ed!k\Joii, \». 
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THE BOOK OF THE FAEM; 

DBTAILINO THK LABOURS OF THE 

FARBiBR, FARM-STEWARD, PLOUGHMAN, SHEPHERD, 

HEDOER, CATTLE-MAN, FIELD-WORKER, 

AND DAIRY-MAID; 

AND rommvo 
A SAFE MONITOR FOB STUDENTS IN PRACTICAl AGWCULTUBE. 

BY 

BENRT STEPHENS, F.a.S.E. 

Corresponding Member of the Sod^ Royale et Centrale 

d'Agricnlture of France, and of the Rogral 

Agricultural Society of Gallida. 

A New Edition, entirely re- written, and embracing every recent spplicatioii 
of Science to Agricultore; Illustrated with PORTRAITS OF ANIMALS 
Painted from the Life, Engraved on Steel by THOMAS LANDSEEB and 
odiers; and widi 600 ENGRAVINGS on WOOD by BRANSTON, repn- 
senting the principal Field Operations, Implements, and Animals treated of 
in the Work. In Two Volumes royal 8vo, price £3, handsomely bound in 
doth. 



SUBJECTS TBEATED OF DT THE BOOK OF THE FABX. 

INITIATION. 

On the best of the existing methods for acquiring a thorough knowledge of Practicd 
Husbandry. Difficulties the Pupil has to encounter in Learning Practical Husbandly, 
and on tlie means of overcoming them. The dllTerent kinds of Fanning, and on stliet- 
ing ttie best. On the Branches of Science most appUaUde to Agriooltare. Penoos 
required to conduct and execute the labour of the Fann. On the InsUtutkms of Educa- 
tion best suited to Agricultural Students. On the evils attending the neglect of Land- 
owners and others to learn Practical Agriculture. On observing the Details and leoord- 
ing the Facts of Farming by the Agricultural Studrat. 

PRACTICK 

WINTER. 

Summary of the Field-Operations and of the Weather fai Winter. Plough, Swing- 
Trees, and Plough-Harness. Ploughing and Ploughing-Matches. Ploag^ng diflhnBt 
forms of Ridges. Ploughing Stubble and Lea Ground. Occupation of the Bteadiu in 
Winter. Pulling and Storing Turnips, Mangold-Wurxel, Carrots, Parsnips, and did»- 
bage, for Censumption in Winter. Feeding of Sheep on Turnips in Winter. Accom- 
modation afforded to Cattle in Winter by tiie Steadfang. Rearing and Fattenfait of 
Cattle on Turnips In Whiter. Varieties of Turnips Cultivated. Construction of Stames 
for Farm-Horses. Treatment of Farm-Horses in Winter. IVeatment of the Fkimer^ 
Saddle and Harness Horse in Winter. Fattening of Swine in Winter. Trmttimnt id 
Fowls in W inter. Rationale of the Feeding of Anhnals. Aoeommodation of the CMn 
Crops in tlie Steading. Thrashing and Winnowing of Grain. Fonning of Doni^iflls and 

{JomptmtB In Winter. Liquid Muiaie, aanA the CkmitxuetloQ of LIquld-Memire Ttuiks 

Mnd CartB. Sea- Weed as Manoxe. GanMing oe CVKS^n^^^^fcNi. 
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SvIOmCs lr«at«dl or te THB VOOK OF THB WAMU CoattMOcd. 



BFBING. 

Smnmary of the Field-Oparations and of the Weather In Earing. AdTantages of having 
Field-work always in a state of Forwardnen. Calving of Cows. IfiUdngofCows. Rear- 
ing of Calves. Sowing of Spring Wheat Drilling up of Land. Sowing of Oats, Beans, 
Pease, Tares. Rolling of lAnd. Lucerne. Transplanting of Tnmip-balbs for prodac- 
ing Seed. Sainfoin. LamlMng of Ewes. Cross-Plong^ing Land. Ribbing Land 
for the Seed-Furrow. Sowing of Grass-Seeds. Sowing of Barley. Turning of Dung- 
hills. Planting of Potatoes. Paring and Burning the Soriaoe. Farrowing of Sows. 
Hatching of Fowls. 

BUMMEB. 

Somma^ of the Field-Operatioiis and of the Weather in Sonuner. On the Hay given 
to Farm-Horses. Sowing and Summer Treatment of Flax — Hemp— Hope — Turnips 
— ^Kohl-rabi — ^the Cabbage — Mangold- Wurzel — the Carrot — Parsnips— Rape — ^Bm^- 
wheat — Sunflower — Madia— and Bfaixe. The Rationale of the Germination of Seeds. 
On Sowing Broadcast, Drilled, and Dibbled— Thick and Thin— and at DiflTerent Depths. 
Repairing the Fences of Pasture-fielda Disposal of the Fat Sheep— and Fat Cattle. 
Mares Foaling. Treatment of Bulls in Summer. Pasturing of Sheep and Cattle in 
Summer. Weaning of Calves. Pasturing of Farm-horses in Sununer. Soiling of Stock on 
Forage Plants. Washing and Shearing of Sheep. RolUng of Fleeces, and on the Quality of 
WooL Summer Culture of Beans and Pease. Weaning of Lambs. Dtafting of Ewes 
and Gimmers. Marking of Sheep. Hay-making. Summer Culture of Wheat — Barley 
— Oats— Rye — and Potatoes. Summer Fallow. Reaping of Turnip-seed. Making 
Butter and Cheese. 

AUTUMN. 

Smnmazy of the Field-Operations and of the Weather in Autunm. ISowingof the Ston# 
Turnip, and <m the Sowing oi Turnip for Seed. Sowing of Winter Tares— Rape— Crim- 
son Clover— Bokhara Clover— Red Clover for Seed — and Italian Rye-grass. Picking 
and Drying of Hops. Sowing of Winter Beans. Pulling, Steeping, and Drying of Flax 
and Hemp. Reaping Wheat, Barley, Oats, Rye, Beans, Pease, and Tares, when grown 
for Seed. Carrying and Stacking of Wheat, Barley, Oats, Beans, and Pease. The 
Common Jerusalem Artichoke. Reaping Buckwheat, Sunflower, and Maize. Birds de- 
structive to the Grain Crops. Putting the Tups to the Ewes. Bathing and Smearing of 
Sheep. Lifting Potatoes. Storing Potatoes. Sowhig Wheat, Barley, and Pease fai 
Autumn. Soving several varieties of Grain together. Planting Potatoes in Autumn. 
The effects of Special Manures. Rotation of Crops. Fertility of Soils. Disposal of the 
Fat Pigs. Management of Fowls. Animals destructive to Poultry. 

REALISATION. 

Differences in the Physical Geography of Farms. Climate and Its Eflbcts. The 
Judging of Land. Estimating the Rent of a Farm. The Mode of Offering for a Farm. 
Negotiating the Covenants of the Lease. Entering to a Farm. The Stocking of a 
Farm. Choodng the Site, on Building, and on the Expenses of Erecting the Steading. 
The Farm-House. Cottages for Farm-Servants. Insurance against Fire and Disease. 
The Principles of Enclosure, and on Shelter. The Planting and Rearing of Thorn 
Hedges. Tlie Building of Stone Fences. Wire Fences. Embanking against Rivulets. 
Construction of Field Gates. Draining of Land. Improving Waste Land. Trench and 
Subsoil Plongfahig. Liming of Land. Formhig Water-Meadows. Irrigation. Treat- 
ment of Draught Stallions. Breaking* in of young Dranriit-Horses. Breaking-ln young 
Saddle-Horses. Trahiing and Working the Shepherd's Dog. Slaugiitering Oxen, Sheep, 
and Pigs. The pofaits to be afaned at in Breeding the meet perfect forms in Live Stodc 
Deseription oi the Animals whose portraits are given hi the Platoi. Account of some 
other Breeds of Cattle and Sheep. The Principles of Breedtaig. Selection of Parents hi 
Breedhig. Breedhig in-and-in. Orosstaig. BUring of Farm-Servants. Wages of Farm- 
Servants. The Farm Smith, Joiner, and Saddta'. The care duAtA^JbAvaf^mnMoNa^ 
Making Experiments on the Farm. Cora-Maikats. 'P«rm '&^>l-^«i{^V ^^s^^^b^" 
ing exliofftotloof to the young Farmer. Index. 
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ALEX. KEITH JOHNSTON, 

V.R.B.K.» r.R.0.8w, F.O.8. 

Geognpber to the Queen, Author of the ** Physical AtbM," &e. 

A SCHOOL ATLAS OF PHYSICAL GEOGRAPHY. 

In which the subject is treated in a more simple and elementary manner than in the 
preyious worlcs of Uie Author. Imperial 8vo, half-bound, price 128. 6d. 

A SCHOOL ATLAS OF CLASSICAL GEOGRAPHY. 

Comprising, in 20 Plates, Maps and Plans of all the hnportant Countries and Localities 
referred to by Classical Authors, constructed from the best materials, and embodying 
the results of the most recent investigations. Accompanied by a complete Indcx of 
Placcs, in which the proper quantities of the syllables are marked. Price 19s. 6d. 
half-bound. 

A SCHOOL ATLAS OF GENERAL AND DESCRIPTIVE 

GEOORAPHV, founded on the most recent discoveries, and specially oonstmcted with 
a Wew to the pu^Ktses ^ sound instruction. Imperial 4to, half-bound, price 12s. 6d. 

A SCHOOL ATLAS OF ASTRONOMY. Edited by J. R 

HiNO, F.R.A.S. lln the Prt$t, 

AN ELEMENTARY SCHOOL ATLAS OF GENERAL 

GEOGRAPHY, for Junior CUsses, including Maps of Canaan and Palestine. 20 Ma^ 
printed in colours, with Index. Demy 4to, half-bound, 7s. 6d. 

GEOGRAPHICAL PROJECTIONS to accompany Keith 

Johnston's Atlases of Physical and General School Geography. Comfnlsing the 
World (on Mercator's Projection) — Eubopb — ^Asia — Africa — ^Nortr Ambrica— 
South Amkrica — Thb British Isles. With a Blank Page fw laying down the 
Meridians and Parallels of any Map by the more advanced PupUs. In a Portfolio, piiee 
2s. 6d. 

Then AtUues lay claim to a degree ofaeewra^ and an amount of informaUon not 
hitherto attempted in Bdueational World. The Mape have been constmcf ed wth a 
special view to the purposes of sound instruction, and are not copied from any exid' 
ing AtUu: hence they vnli be found free from the common faults ef overcrowding 
and confusion uiith tohich so many SeJiool Atlases are juMly chargeable. By meems 
of a new process of production, Me Maps combine the accuracy and neatness ef fks 
higJust style qf engraving tcith a vMchanical applieation ef Cotourt, the ^eet ef wMA 
is to secure a clearness, correctness, and elegance unapproached by former me^odt. 



** I dncerdy thank yon for the two school-books of Geography which yon haTe had fhi 
kindness to send me. They are so admirably executed, that I consider the pobfiea- 
tion of them an important improvement in the study of Geography. The * Atlas of 
Physical Geography,' as an illustration of what I have described, is invalnabte. **— Jfn 
SomerviUe. 

** I have taught Geography more or less in the High School and UniTosity of X^- 
burgh for the last forty years ; and I have no hesitation in saying that I look 19011 Hbs 
publication of Mr Keith Johnston's General and Physical SehoM Atlases as the goateit 
boon that has been conferred, in my time, on a branch of knowledge and of p«llle 
inatmction which is becoming every dny more important and more popular.'' 
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AlEX. KEITH JOHNSTON, F.K.S.E., F.E.G.S., F.G.S., 

Geographer at Edinburgh in ordinary to Her Majesty, Honorary 
Member of the Geographical Society, Berlin, dec. 



In announcing a New Edition of this important Work, the Publishers take 
the opportunity of directing attention to some of its more striking peculi- 
arities, and to the nature of its contents. 



The Physical Atlas is the first work of its class ever produced in 
Britain ; and in its construction, as well as in its subject-matter and appear- 
ance, it differs essentiallj from anything imder a corresponding name 
published on the Continent. On its first appearance, its merit as a work 
of original research, lucid arrangement, and striking illustration, was at 
once and most fully acknowledged by the members of the various scientific 
societies, and by the leading literary journals of Europe and America. 
Having taken its place as a standard work of reference and authority, its 
publication led directly to the introduction of Physical Geography, as an 
important branch of education, into the Qokoo^& ol '^jc^^sqo^ j^kSSkSscv^^KK^is^ 
laduL Its object ib to exhibit aad expAsoxx, m «» '^■^goSaBX «sA "^W^m^ 
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manner, the resvdts of the duKJOveries and researches of travellers and phi- 
losophers in all the important branches of Natural Science, embracing an 
investigation into the laws which regulate the formation of the sur&oe of 
the globe, the successive changes which this sur&ce has undergone^ the 
varied influences of climate and temperature to which it is subjected, the 
effects of these several conditions on the existing species of plants and 
animals, as exemplified in their geographical distribution, and the combined 
action of the whole on the present races, national characteristics, means of 
subsistence, commercial pursuits, religious peculiarities, health, and pro- 
gressive improvement of Man. And while the facts it enimciates an 
deduced from inquiries conducted in accordance with the soundest prin- 
ciples of inductive reasoning, they are^ by a novel application of the 
principles of chartographic delineation, aided by colours, signs, and dia- 
grams, so simply and forcibly conveyed through the eye to the mind, as to 
be comprehended with ease and recalled without effort. The book, there- 
fore, has this great recommendation to the general reader, that it may he 
studied with advantage without any previous training ; and as each of the 
branches into which it is divided, while elucidating the whole, is yet com- 
plete in itself it may be overtaken in consecutive portions according 
to taste or requirement ; while the complete Index, now to be appended 
for the first time, will render it instantly available for reference on any of 
the multifarious subjects on which it treats. Many years of arduous 
labour were devoted, in the first edition of this Work, to the critical 
examination and comparison of the investigations of travellers and natural- 
ists of all nations, and the result was that the contents of many himdred 
volumes, from which alone information connected with the various 
kingdoms of nature could formerly be obtained, were in its plates and 
pages condensed and reproduced with a clearness and precision which 
could not be attained by any other means. The present issue will retain, 
in a revised and extended form, all the information of the former, with the 
addition of many new and important subjects, for the preparation of which 
materials have been available only within a recent period. The New Edition 
will contain thirty-five Plates in imperial folio, besides several smaller Plate 
Illustrations, about one himdred and twenty folio pages of Letterpress, and 
a COMPLETE Index. Six of these Plates, with the accompanying text^ wiU 
now appear for the first time ; six more will be re-engraved and re-wiitten 
^om ^resh soizrcefif, in substitulion oi un. qc^^ -si^amber of the foimer 
edition, wbicb, fr^m the progresa oi ficVeucft vcA ^(2icA Tias^ ^ ^ 



€^ ^{njairal atki 



3 



had fallen somewhat behind the requirements of the day. Fully one-third 
of the volume will thus be new in Plates and Letterpress, while every part 
of the remaining portion will be thoroughly revised, and brought into 
accordance with the existing state of knowledge ; and no expense or 
labour will be spared to render the Fhtsical Atlas, in elegance and 
utility, still more worthy of the reception it has met with. 

In the execution of his task, the Author had . the advantage of being 
assisted by men of the greatest eminence in the different departments of 
science of this and other countries, among whom the following have con- 
tributed directly to the pages of the Work, as expressed on the titles of 
the different subjects — ^viz., 



Sir DAVID BREWSTER, K.H., D.C.L., F.R.S., Chevalier of the Pmesian 
Order of Merit, (corresponding Member of the Institute of Franoe, and Prin- 
cipal of the United Colleges of St Salvator and St Leonard, St Andrews. 

Sir R. L MURCHISON, G.C. St. S. ; D.C.L., M.A., F.R.S., F.R.S.E. ; Es 
Prest. Geol. and Roy. Geog. Soc. ; Mem. of the Academies of St Petersburg. 
Berlin, Copenhagen ; and Corr. Inst, of France, &c. 

JAMES D. FORBES, Esq., D.C.L., F.R.S., Sec. R.S. Ed., Corresponding 
Member of the Institute of France and other Academies ; and Professor oi 
Natural Philosophy in the University of Edinboigh. 

Prof. EDWARD FORBES, F.R.S., &c., President of the Geological Society. 

ARTHUR HENFREY, Esq., F.R.S., F.L.S., &c. 

J. P. NICHOL, Esq., LL.D., Professor of Astronomy in the University ol 
Glasgow. 

Dr ami BOUJS, Vienna. 

Dr HEINRICH BERGHAUS, Berlin. 

Dr GUSTAV KOMBST, F.R.N.S., Corr. Mem. S.P.S., &c. 

JAMES NICOL, Esq., F.R.S.E., G.S., Professor of Natural Histoiy, Maris- 
cbal College and University of Aberdeen. 

Professor H. D. ROGERS, Boston, U.S. 

JOHN SCOTT RUSSELL, Esq., F.R.S.E. 

GEORGE R. FATJERHOUSE, Esq. of \\\fi IR^^Ail&sffliOTSi. 
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The Work is divided into the following Sections :— • 



L-6E0L06T. 

This comparatively new and highly important branch of study has made such 
rapid progreBs since the first publication of the Atlas, as to require many additions 
and rectifications on the plates and text, which will now be found to present a com- 
plete view of the science, with its most recent discoveries. Tliis division comprises— 

1. THE GEOIiOOICAL STBTTCTUBE of the GLOBE, a work entirely novel 

and peculiar in its character, exhibiting in this edition the most recent 
discoveries and investigations. It is accompanied by extensive notes on 
the general principles of Geology and their application. 

2. A MAP of the XOUETAQT CHAINS, ]^LAIN8, and lABLB-LAnW of 

ASIA and ETJEOFE, a Geological Ma]) of Java, and one shewing the 
rise of the remarkable ishmd of Reguain, with additional sections and 
diagrams, from a series of new designs, prepared for the present issue. 
The notes contain, besides general descnptions, an essay on the mean 
height of the continental masses. 

8. A HAP of the MOTJHTAIE 8TSTEM8 of ETJEOFE, constmcted on the 
ingenious and interesting principle of contour lines, witih notes, and 
tables of Ihe different mountain groups, coloured in this edition, to 
distinguish the different systems. 

4. A GEOLOGICAL MAP of ETJEOFE, in which the different systems of rocks 

are clearly defined by colours, based on the most recent researches, 
and the unedited materials of the most dbtinguished geologists, accom- 
panied by full explanatory notes. 

5, 6. A FALEONTOLOGICAL HAP of the EEITI8H ISLANDS. «'Tbe 

varied nature of the geology of Britain, and the minute investtgation 
to which it has been sutjected, have rendered it the type of the geoio^ 
of the earth.^^ In this Map the several geological formations are hud 
down from the researches of our ablest geologists on a phm entiie^ 
different from any hitherto published. The names inserted refer to 
localities where remarkable organic remains exist, or which are notified 
in geological memoirs. Places particularly productive in fossils are 
pointed out by peculiar signs, mdicating the nature of the onzaoic 
remains. The more remarkable phenomena of the distribution of life, 
bearing on the distribution of the existiiu^ fl(Hra and fiuina, are iadioildi 
at length where they occur. Figures of the most charaoteristio foesib, 
and types of the groups of ammonites, are engraved on the maigins; 
and the whole is elucidaitedby eiL\«Dftm tables and notes, on the plates 
and in the text. In order to aeicnx^ wc^Vi^t «i^ut^i V\^S&^i^c«r «utioiif 
the plates have been oolouEod.^ %VKwnw«a\iioR«at*.'^poaiaBi^ 
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7. A MAP of the MOUNTAQT CHAINS, PLAINS, and TABLELANDS ol 

NORTH and SOUTH AMERICA, ivith a plan of the Volcano of Jonillo, 
by Humboldt, the Mud Volcanoes of the Island of Trinidad, a ^logical 
section across North America, from the Pacific to the Atlantic O^n, 
sections of the Andes, &c., engraved expressly for this edition from 
entirely new materials, with full letterpress explanations 

8. A GEOLOGICAL MAP of the TTNIIED STATES and tbe BRITISH POS- 

SESSIONS of NORTH AMERICA, presenting, for the first time, from 
recent Government surveys and extensive private researches, a complete 
view of the geological structure of this important region, with tables 
and notes. 

9. MAP nXTTSTRATIONS of the GLACIER SYSTEMS of tlio ALPS, and of 

glacier phenomena in general, with sections and diagrams explanatory 
of the most recent discoveries and researches, to the present time. 

10. THE PHENOMENA of VOLCANIC ACTION: a series of interesting maps 

and plans, exhibiting the different regions of the globe sutject to earth- 
quakes, and pointing out the positions of active and extinct volcanoes, 
with comprehensive tables and notes. 

11. COMPARATIVE VIEWS of REMARKABLE GEOLOGICAL PHENOMENA, 

exhibited in plans and sections of the volcanoes of Pichinoha and Antis- 
ana, Tenerifie, Vesuvius, Etna, plans and views of the craters of active 
volcanoes, &c., and explanatory text. 



E-ITDBOGRAFHT. 

A large portion of this division of the Physical Atlas is devoted to snljects con- 
nected with navigation. The ocean, that '^ great pathway of nations,*^ whidi for 
centuries has been traversed in every direction, has only of late years been su^ected 
to scientific investigation ; and the assistance which science has here rendered to 
commerce and the intercommunion of sea-divided states is of the utmost value. 
The ocean currents, which perform so important a part in the economy of nature, 
and a knowledge of the extent, direction, and velocity of which is so indispensable 
to the seaman, arc here treated as a regular system, and explained with a view to 
practical utility. '* It is one of the chief points of a seaman^s duty,^^ says Captain 
Basil Hall, " to know where to find a fair wind, and where to fall in with a favour- 
able current " — desiderata which will be found fully supplied in this division, and 
in that of Meteorology, in both of whidi tiie sulgect is brought down to the period 
of republication. 

The Plates in this division comprise — 

1. A PHYSICAL CHART of the ATLANTIC ^^fCnLIOL^ ^niv\»K!Nccv% <9w ^'v 
amount of information on every evi^^efiX wsworrXr^ ^foa^ ^^ ^^^ 
trackBf the currents, temperature, «ad dL«^V)(i Ql^\%xBS3^^ss£^^«^»sa^ 



"^xwftAvs. 



with extensive tables and notes. An additional Index Map, distingmsh- 
ing by colours the equatorial and the arctic currents over the glot^, and 
a Physical Chart of the North Polar Seas, have been appended to this 
edition. 

2. A. FHTSICAL GHABT of the INDIAH OCEAN. Scientific seamanship has 
nowhere achieved such valuable triumphs as in the navigation of the 
Indian seas, and nowhere is an acquaintance with physicu phenomena 
of such paramount importance to the mariner. In this cluut will be 
found not only all known facts regarding the ocean currents, and the 
best routes to be followed during the different monsoon seasons, but 
also the limits of the trade-winds, the monsoon regions, and the dis- 
tricts of cyclones. 

8. A FHTSICAL CHABT of the PACIFIC OCEAN, in which the great Peru- 
vian coast or ''^ Humboldt's current,^' and many others, whose existence 
has till lately been unsuspected, are graphically delineated and (idly 
explained, with the sailing-tracks between Europe and America, tbie 
tracks by the Isthmus of Panama, &c. 

4. A TIDAL XAF of the BBHISH SEAS, representing the whole subject of 

the tides according to the most recent investigations. Indicating, by 
means of shading, the conformation of the bottom, and the exact depth 
of the sea in fathoms. Shewing the progress of the wave of high water, 
and the hour of high water at new ana full moon. - Accompanied by 
notes and tables, and a general tidal chart of the world. 

5. A BIVEB XAF of EUEOFE and ASIA. 

6. A BIVEB MAF of AHEBICA. 

In these maps the hydrological and hydrographical conditions of the Old and 
New Worlds are fully explained. The river basins are divided by lines ; and the 
declivities of the countries are indicated by colours shewing the different seas and 
basins to which they contribute their waters, with tables, notes, and diagrams of 
the fall of rivers. An essay on salt lakes of continental basins has been added to 
the new edition. 



IIL-HETE0B0L06T. 

This universally interesting science is so intimately connected with the common 
affairs of life, that man may be said to be by nature a meteorologist. Long limited 
to the simple observance of atmospherical appearances, meteorou)gy has in modem 
times maae rapid advances, and is constantly enridied by the most extensive and 
varied researches. 

The illustrations in this division of the work consist of— 

i. JCIP of the AHiniAL IBOTHKKlKKTi USCIA^ ^x \vck»& oCoqiial temperatmei 
on the principle lidd down by V\v^ \S\\)&\.nQV)A '^xnc^^ 
greatest interest to aU engag^ m V(^cv^tv!ii& ^Tai^\A^^9<^^^\K!Sfik\fqE^ 
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tore of oar globe : with inustrations and notes on the effects of heat on 
the productis of different countries, and diagrams of the monthly iso- 
thermals, from a new series of drawings prepared for the present 
edition. 

8. A. OHABT of tbe OEOOSAPHICAL DISTBIBTJTIOK of WINDS and 
8T0SKS, defining by colours the regions of the globe within which the 
constant or trade winds, and the periodical winds, or monsoons, and 
local winds preyail. The regions visited by cyclones in the West 
Indies, the Indian Ocean, and the China Sea, with notes and tables, in 
whidi the whole subject of Aerial currents, equally important to the 
mariner and the meteorologist, is fully explained. This plate has been 
reconstructed from the latest sources. 

8. HTETOOBAFHIC or EAIK MAP of the WOBLD, which shews at a glance 
the distribution of rain over the various parts of the globe, in the differ- 
ent seasons : the zone or belt which limits the fall of periodical rains^ 
the desert regions on which no rain falls, and the equatorial limits of the 
fall of snow, with tables of the average annual amount of rain at dif- 
ferent places, and a special map of the temperature and rain-fall ol 
India, with notes and illustrations, prepared for the new edition. 

4. HTET06BAFHIC or EAIK MAP of EUBOFE, shewing the decrease of rait 

on mountains and in the interior of continents ; the different seasons ii 
which the greatest amount of rain falls ; the proportion of ram whicl 
annually fSla in different parts of Europe ; with the number of rainj 
days in the course of a year, the number of days in which snow falls 
the direction of winds which bring rain to the different countries, witl 
a special rain-map of the British Islands, and tables of its meteorologi- 
cal features, appended to the present edition. 

5. CHABT of the POLABISIKO STBTTCTUBE of tbe ATMOSPHERE, in whid 

the most recent observations on this new and interesting su^ect an 
. fully explained. 

6. CHABT of MAGNETIC MERIDIANS and PARALLELS, with lines of equa 

declination and inclination of the compass, and explanatory notes. 



IV-IATDRAL mSTOBT. 

Including Phyto-geography, or the geographical distribution of plants ; soologicfl 
geography, or the distribution of animals ; and ethnology, or the distribution c 
the difi^rent races of men. 

In this division, the illustrations of which are entirely new in this country^ th 
student of Natural History will find a great arnoaut <^^ ^^<^ \&siih. ^aoocNssoa. vf 
instructive matter, grouped and arranged ui & &Vj\^ X\i<^ T£k»«X "^^^Kav^^ ^i&^ "^^ 
five, Plate— 
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1. Presents a sarvej of the nuNit important Flaiiti yleldiiig^ find, incliidmg 

cultivated grasses, coltivated and wild bread-plants, frnita, beverages, 
spices, dyes, &c., laid down in connexion with climatic conditions; 
with sections of distribation according to altitude ; in which the native 
regions and cultivated districts of plants are explained and defined by 
colours, embracing many of the sufoects which engage the attention of 
the meteorologist, the botanist, and the political economist Constivcted 
and engraved anew for this edition. 

2. A Oeoeral View of BOTAmCAL GEOGEAFHY, in which the globe is 

divided into regions, each inhabited by different classes of plants, with 
profiles of the gresit mountain chains, shewing at one view the entire 
range of the vegetable world, from the equator to the poles, firom new 
materials for the present edition. 

8. The OEOGSAFHICAL DISTBIBXTTIOK of HAUnFEBOTTS ANIKAI8, 

of the orders Quadrumana, &c. ; defining the limits within which 
fiimilies occur, and their intensity in different regions of the globe, as 
indicated by the number of species, with tables and notes on the 
classification of animals. As in the case of ve^^tables, each class of 
. animals has its appropriate climate, where alOne its nature can be fully 
developed ; and in tracing this through the various families of the ani- 
mal kingdom, many highly curious and instructive phenomena, hitherto 
little understood, are lucidly explained. 

4. The OEOGSAFHICAL DISTRIBUTIOir of CASNIVOBOTTS AHIICALS. In 

the map devoted to this dass of animals, which in all ages have been 
olgects of peculiar interest to mankind, the striking fact of the remark- 
able increase of animal formations, in proceeding from the polar to the 
equatorial regions, is clearly manifested, and the laws snewing the 
connection between the animal and vegetable kingdoms, with the 
remarkable instances of adaptation exemplified in each, and the depend- 
ence of both on meteorology, are fully explained. 

5. The GEOOBAPmCAL DISTBIBXTTIOir of ANIMALS of the' QBBEB8 

BOBENTIA and BTJMINAKTIA, including the beaver, squirrel, hare, 
camel, deer, bison, ox, sheep, &c, in a horiaontal and perpendienlar 
direction, with extensive tables and notes. 

6. The 6E0OBAFHICAL BI8TBIBTJTI0K of BIBB8, in a horizontal and 

perpendicular direction, explaining many singular facts regarding this 
mteresting branch of zoology. 

7. The GEOGBAFHICAL BISTBIBUTIOK of BEFTILEB, distingaiahing l^ 

colours those which are venomous, and shewing how renuirkably th^ 
are limited to the countries of the torrid zone, with tables vol notes. 

S, The DDSTBIBUnOH of ILABXSEt USfl^, ^^\9Vci^\\i« leading ftcta of the 
pnovinces occupied by manne cteatogro& m tJassa laaraaaaL ^acA x ^ s^wuB iaf 
tive relations. 
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9. EIHNO0SAFHIO KAF of EUBOPE, presenting a great amount of inte- 

resting and instractive detail regarding . the physical, xnoraJ, an( 
intellectual conditions of the natives inhabiting this quarter of th( 
globe, the distribution of races and varieties, the distribution of lan- 
guages. To which is appended, in this edition, a general ethnographic 
map of the world, with tables and notes. 

10. EIHNOGBAFHIC KAF of the BSmSH ISLANDS, explaining the cha 

racteristics of the Celtic and Teutonic varieties of men in these islands 
and the distribution of races over England, Scotland, and Ireland, witl 
notes and tables of physical statistics. 

11. A XQSAL and STATESTIGAL CHABT, shewing the Oeographioa 

Bistribiition of UAH aeoording to Beligions Belief^ with the principa 
Protestant mission-stations in the middle of the 19th century, ai 
enlarged map of the prevailing forms of religion in Europe, a map o: 
the languages of Europe, a map of the mission-stations and languages 
of India — the mission-stations of South Africa and of British Nord 
America, with extensive tables and notes on the area, population, staU 
of progress, and education of the several peoples and states of the globe. 

12. XAF OF THE 6E06RAFHIGAL BISTBIBUTIOir of HEALTH and 

DISEASE, considered in connection with climate, soil, and other eir- 
comstanoes of natural phenomena, with tables and diagrams, shewing 
the comparative longevity of man in different countries and r^ons. 



This Edition will be issued in Parts, of which there will be Twelve, to bepub- 
lished on the 1st of each alternate month. Price of each Part, One Guinea. Three 
Parts are published, containing — 

Part L— THE DISTRIBUTION of MARINE LIFE. By Ptofesaor EDWito Forbbs, P.Ra, 

President of the Geolo^cal Society. 
THE MOUNTAIN SYSTEMS of EUROPE, Constructed on the Basis of Contoui 

Lines. By Dr H. Bert.haus, and A. Keith Johnston, F.R S.E. 
THE GEOGRAPHICAL DISTRIBUTION of the CURRENTS of AIR. TRADE 

WINDS, HURRICANES, Ac, with their EfTects on Navigation. By A. Kkitb 

JoHHSTOir, F.R.S.E. 

Pari II.— THE DISTRIBUTION of the MOST IMPORTANT PLANTS YIELDING FOOD, 

in Connection with Climatal Conditions. By Arthur Hxnfret, F.RS., 

F.L.S., Ac. 

GEOGRAPHICAL DISTRIBUTION of INDIGENOUS VEGETATION : the DIS 

TRIBUTION OF PLANTS, Ac. By Arthur Hbkfrey, F.RS.. F.L.S., Ac, anc 

HYETOGRAPHIC or RAIN MAP of the WORLD, with a Special Map of the Tem 
perature and Rain-fSall of India. By A. Kefth Johnston. F.R.S.E. 

Pari m.— A MORAL and STATISTICAL CHART of the GEOGRAPHICAL DISTRIBU 
TION of man, A0C30RDINO to religious BELIEF ; MAPS of the PRINCI 
PAL PROTESTANT MISSION STATIONS^ Ac. By A. Keith Johrstoh 
F.RS.B. 
MAP OF the lines of EQUAL POLARIZATION ni the ATMOSPHERH. %- 
Sir Datid Brewster, K.H.D.C.L., F.R.8., V,^.'BL.'e».,'8i^aia\Kc^^:^xcww^'«»ass 
Member of the Institute of France. _, 

TIDAL CHABT of the BRITISH SEK&, %\vOTiVtvR \X\ft -SLwo^ ^ ^"^J^ 
Depth of the Sea, Ac. By Johs Booti Bm^skia.^^Ewv*^ .'©.I'bX^, ^a^«»- ^ 
Johnston, F.R aB. 
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0PIII0I8 BEGiBDIIG THE PITSICiL ATLAS. 

(PIBST EDITION.) 



Quarterly Seview. 

We possess, indeed, the valuable Physical Atlas of Mr Keith Johnston, which may well be 
aissociated with Mrs Somerville's book, for their mutual illustration. But this Atlas is itsdf a 
recent undertaking, and by no means yet known or studied commensurately with its mehts. 
.... Such works are as essential to the study of Physical (Geography as are exp^iments to 
the chemical student, or models and diagrams to instruction in the mechanical Bcienecn or, 
what is more pertinent in this case, as common maps to common geography. Their linear 
delineations to the eye are an admirable shorthand writing, conveying impressionB to the mind 
far more explicit and forcible than any mere descriptions can afford — suggesting compariaoDS 
and relations, and giving facilities of reference which can in no other wayoe equally attained. 
The Atlas ought to have a place in every good library. .... We know no work oontamii^ 
such copious and exact information as to all the physical circumstances of the earth on whi(£ 
we live, nor any of which the methods are so well fitted for the instruction of those who come 
ignorantiy to the subject. 

Edinbnrgli Be^iew. 

From a work so rich in information, and so varied in its materials, it is almost imposslbto 
to select and compress into moderate compass anything which will give the general reader a 
satis&ctory idea of its character and contents. It is a merit which may justly be conceded to 
these thir^ maps, that almost every one of them embodies the materials of manv volume*— 
the results of long years of research — and exhibits the most valuable thoughts of the most dia- 
tingruished men of the age, pictured visibly to the eye. 

Blackwood's Magazine. 

To the scholar, to the student, and to the already large yet daily increasing multitude of 
inquirers who cultivate natural science, the Physical Atias is a treasure of incuculable value. 
It brings before the mind's eye, in one grand panoramic view, and in a form dear, defixute, 
and eaSly comprehensible, all the facts at present known relative to the great subjects of which 
it treats, and m«y be regarded as a lucid epitome of a thousand scattered volumes, more«or hem 
intrinsicfdly valuable, of which it contains the heart and substance. 

North BritislL Beview. 

Although we have thus endeavoured to give our readers an idea of the valuable contents 
of the Physical Atlas, yet we are persuaded that it is only by an examination and study of the 
work itself that they can form anything like an accurate estimate of the amount of instruc- 
tion and even amusement which it affords. In public libraries and reading-rooms, the woik 
will be of inestimable viJue ; and in our public and even private schools, the teacher can 
scarcely perform his duties to the youth under lus charge, unless he gives them the advantage 
of studying the phenomena of the material universe through the medium of its gti^hic repn- 
sentations. 

By devoting a single hour to the contemplation of our globe in the diorama of a Physical 
Atlas, the student will witness the grandeur of the tenement in which he dwells, and will not 
fail to appreciate the beautiful conception of Humboldt, when he speaks of *' the life of the 
earth.*' 

The AthensBimL. 

TThe book before us is, in short, a graphic encydopsedia of the sdences — an atlas of human 
knowledge done into maps. It exemplifies the truth which it expresses — ^that he who runs 
may read. The Thermal I^ws of Leslie it enimciates by a bent line running across a mi^ ci 
Europe ; the abstract researches of Gauss it embodies in a few parallel curves winding over a 
section of the globe ; a formula of Laplace it melts down to a little patch of mezzotint shadow ; 
a problem of the transcendental analysis, which covers pages with definite int^gralSk it makes 
plain to the eye by a little stippling and hatching on a given d^ree of longitude 1 All possibls 
relations of time and space, heat and cold, wet and dry, fh)st and snow, volcano and stomiL 
current and tide, plant and beast, race and religion, attraction and repulsion, glacier and 
avalanche, fossil and mammoth, river and mountam, mine and forest, air and cloud, and sea 
and sky--all in the earth, and under the earth, and on the earth, and above the earth, that the 
heart of man has conceived or his head understood — are brought together by a marveUooa 
microcosm, and planted on these littie sheets of paper— thus making themselves dear to eveiy 
eiye. In abort, we have a summary of all the cross-questions of Nature for twenty centuries— 
Bad all the axkswen of Nature herself set down and spnakinis^ to us vduminous system dont im 
f^oe. .... Mr Jobnaton is well known aa a geoKiaplaQC ol ^graaX^MSoanc^ vcAirtbaarcih ; and it 

ta certain that thia work will add to his xeputauon, tor iV. Sb \««M\aSxC^l «&^sc«!«^ wtA 

^^aJed with explanatory and tabular letterproaa oi gteaX. ^«2tt». 
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Bulletin de la 8oei6te de Otiographie. 

Congid^r^ maintenant oomme un livre claasique, cet ouvrage, d^velopptf et oompl^ttf par M. 
Alexandre Keith Johnston, est devenu, grftoe aux presses britanniques, un des plus mstfrmflques 
monuments qu'on ait encore Aevte au g^iie scientifique de notro tihde. L^Atlas de M. John- 
ston est d^e ik rillustre acad^miden de Berlin. C'6tait Justice ; on idme & voir ces exemplea 
de reconnaissance et do probite Iitt§raires si rares de nos jours : I'hommage €clatant rendu IL 
celui qui a mis en avant rid6e premidre de ce grand travail honore M. Johnston et ne &it que 
rehausser son propre mgrite. Le plan qu'il a suivi est excellent ; la description physique du 
monde se trouvo repartie en quatre sections, qui comprennent la m^tiorologie, I'hydroflpraphic, 
la geologic, la phytographie, et la zoologie. L'analyse rapide que nous allons donner de oette 

belle publication permettra d'en appr§cier la valour. La partie phjrtologique et 

zoologique de Touvrage de M. Johnston d^passe en perfection tout ce que nous veuons de fisdre 
connaitre ; les neuf cartes dont elle se compose repr^sentent la g§ographie des plantes et dea 

animaux sous ra8i>ect le plus splendide. lA se tennine cet immense travaiL Nous 

avons indiqutf rapidement les diverses parties de TAtlas ; nous devons ajouter que chaque 
carte est acoompagn^e d'un texte explicatif, qui &it connaltre I'^tat present de la science. De 
telles publications font la gloire d'un pays, et nous voyons avec vaa. profond sentiment de 
regret la France devano^ par TAllemagne et I'Angleterre dans oette voie si belle et si £teonde. 

The London, Edinburgh, and Ihiblin PhiloBophieal Xagaiine. 

To the general student it will convey clearly and agreeably a mass of that knowledge 
which is daily becoming more necessary to him. To the rmag generation, in whose education 
t-hese subjects cannot well be neglected, where any pretraision Is made to keep pace with the 
intellectual progress of the times, these maps wiU tnrow now and powerful interest into the 
study of Geography, leading not merely to the knowledge of relative position and political or 
rather artitlcial dirisione^ wt to an appreciation of the natural relations, regarded either in a 
scientific or economic pomt of view, of the various regions to each other, and a comprehension 
of Che grand unll^ of this our terrestrial world, whwe each pare ic^ as it were, complementary 
to all the rest. 

The Katttleal Xagaiine. 

Its value is not confined merely to the botanist or the mineralogist, but the seaman may 
consult with advantage the charts it contains of the ocean, for the various streams of current 
which will afiisct his vessel's course ; to which subject we find a large portion uf the Bart before 
us is devoted. Under the titles of the different currents of the North and South Atlantic 
Ocean, elaborate descriptions are given of their orig^ extent, and velocity, with additional 
remarks ; all of which, besides the graphic delineation of them in the charts, form highly valu- 
able reference for the seamen. The whole is compiled with great care, and is no less remarkable 
for the neatness of its execution than fbr the vast mass of information which it presents 
within a very small compass. We can assure our naval friends that they would find it a very 
interesting and useful addition to their collection of nautical materials. 

The Annals and Magazine of Katnral History. 

It is at a happy period that this work makes its appearance among us— when the first oi 
physical geographers is laying before us the great generalisations, the firuits of a life devoted to 
the personal investigation of the grandest of terrestrial phenomena. Now that the illustrioua 
Humboldt is griving to the world ms philosophic summary of the natural laws, and the interest 
in these speculations is so rapidly extended, it will be no small advantage to those whose op- 
X>ortimities have not admitted of their becoming acquainted with these matters, to meet witb 
a work in which the results of the labours of the sons of enterprise, the voyager, the traveller, 
naturalist, hydrographer, Ac, are philosophically systematised by the more tranquil efforts ol 
deductive science, and presented in a tangible form ; tram which, by a careflil study of a fern 
maps, comprehensible by any one of common intelligence and application, they may acquire an 
amount of knowledge which years ef reading of the works in which the &cts have hithertc 
been stored up would not have given so clearly, nor fixed so firmly in the memory. 

Dublin University Magarine. 

No study more agreeable can be conceived than an Atlas of maps of this kind. There is nc 
department in all the vast r^on of which we have been writing, but has had its appropriate 
illustration. F^m the depths of the ocean to the heights of the atmosphere, the whole theatre 
in which God conducts our drama of animated nature is exposed. We shall turn to the largesi 
and most peifect of the nmnerous works of this kind with which science has lately obliged th< 
world— the superb Physical Atlas of Johnston — and endeavour to explain the series of pano 
ramas of air, water, earth, and oiguiic existence, which its successive plates present to us. 

The British Quarterly Beview. 

No cost or labour has been spared to give the work the utmost possible ocnnpletflnMa. . . 
It is a work which must have its place in every large libt%rj» «dA.'9»^'>ebss<r A ^^ *3«»«^tR. kj 
community to whom it should not bo of high value. TVifi «(£t^\KE «aft.\jQft^a:^^ '"''ff^ 
manu&cturer and the agriculturirt, will find it toefo^g -^VXi VDSwai3Btt.w^^s«»«»si' «&.>»« 
sjyective purauita. 
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ALEXANDER KEITH JOHNSTON, 

P.RS.B., F.RG.S., F.G.S., 

Geographer to her lCi\jesty for Scotland, Author of " The Physical Atlaa^*' 4e» 



A SCHOOL ATLAS OF WsiCAL GEOGRAPHY, 

ILLUSTRATING, IN A SERIES OF ORIGINAL DESIGNS^ 
THE ELEMENTARY FACTS OF 

GEOLOGY, HYDROLOGY, METEOROLOGY, AND NATURAL HISTORY. 

In this Atlas of Fhtsigal Geoobafhy the subject is treated tn a more simple and eleraentaiy 
manner than in the previous works of the Author — the object being to convey broad and geiM* 
ral ideas on the form and structure of our Planet, and the principal phenomena affiseting Its 
outer crust. Its plan is to proceed systematically, f^m a representation of the Ocicans, Lakis, 
Rivers, MouiTTAiN-CHAms, Table-lakds. Plains, and Valleys of the different portions of the 
Globe, and the distribution of Earthquakes, Volcanoes, Heat, Rain, and Wind— by ^^ikli 
its surfiice is modified — to its actual occupation by the various Races, Families^ and Spscrai 
of Plants, Animals, and Man. In these delineations, use has been made of Colour as a mesas 
of distinction, to an extent not hitherto supposed bapable of practical application ; and the 
signs and i^ymbols used throughout the Atlas, as well as those employee! m genwal Cbarto- 
fftaphy, are elucidated in a Series of Views and Diagrams in the Frontiq;)ieoe. JSach Plate has 
its object explained by a short Letterpress Note. 



SCHOOL ATUS OF CLASSICAL GEOGRAPHY, 

OOMPBISINO, 

IN TWENTY PLATES, MAPS AND PLANS OF ALL THE IMPORTANT 

COUNTRIES AND LOCAUTIES REFERRED TO BT CLASSICAL AUTHORS, CONSTRUCTED 

FROM THE BEST MATERIALS, AND EMBODYING THE RESULTS OF THS 

MOST RECENT INVESTIGATIONS. 

Printed in Colours, uniform with the Author's General and Fhjsieal Sehool 

Atlases, and aooompanied by 

A COMPLETE INDEX OF PLACES, 

In which the proper Quantities of the Syllables are marked, by T. Habyet, ILA., Oxon., 
one of the Classical Masters in the Rdhiburgh Academy. 

CONTENTS. 



1. plan of bomb, and ninSTRATIONB OF 
CLASSICAL SITES. 

5. ORBId VETEBIBUS N0T1T8 (btobb. bomui, bksJl- 
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7. PANNONIA, DACIA, &c 
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CAMPAKIA, SrmAOVtJB, JM.) 
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ABBBLA.) 
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1& .SGYPTIT8, ABAbIA, ET JfflUIOPIA (ar . 
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K). inW)?!^ tuoMrmoTKBOBinBAi. Btmaen 

BAimk'KiA.'H T»iAkak,%« T«a vtfluk «• Tma 
vmnKB.^ 



jKntjr 3nlniBtira'8 (gltratiitiini %iims. u 

m. 

SCHOOL ATLAS OF 

GENERAL AND DESCRIPTIVE GEOGRAPHY, 

SXHIBTTIVOTHS 

ACTUAL Am) CX)MPARATIVB EXTENT OP ALL THE COUNTRIES IN THE WORLD 

WITH THEIR PRESENT POLITICAL DIVISIONS. 

Constructed with a Special View to the purposes of Sound Instruction, and presenting 

the followix^ new features : — 

L Enlaqped Bise, and eooMquent BaitiBetneiS of Flan* 
IL The moct Beoent Improvaneats in Geography, 
m. A Uniform Distanotion in Colonr between Land and Water. 
17* Oreat Gleameaa, Unilionniij, and Aeouraoy of Ooloiiring. 
T. A ready way of Oompariiiy Selativa Areas by meana of Sealea. 
YL The Inaertioii of th» Ooneaponding Latitudes of Gountaea, Towna, ftie. 
Vn. Beferenoea to Ckdonial Poaeeaaiona, fto., by Figurea and Votoa. 
Vm. A earefiiUy tfompiled and oompleto Indaac 

PRICE OF EACH OF THE ABQVE ATLASES. 

In Octavo (for School use), strongly half-boimd . . . . £0 18 6 

In a Portfolio, each Map separate, and mounted on canvas . 16 6 

In Qiuixto, half-bound morocco 110 

The Maps of Atlas No. 1 are sold separately at 8d., and those of Atlases No. 2 and 8, at Cd. each 

IV. 

In the Pksb, uniform with the above Atlases, 

A SCHOOL ATLAS OF ASTRONOMY. 

Edited by J. S. Hon), V.KA.& 

V. 

ELEMENTARy SCHOOL ATU8 OF 

GENERAL AND DESCRIPTIVE GEOGRAPHY, 

FOR THE USE OF JUNIOR CLASSES ; 

INCLUDING A MAP OF CANAAN AND PALESTINE, AND A GENERAL INDEX. 

tn Demy 4tto, price 7s. 6d. half-bound. 

VI. 

A SERIES OF 

EIGHT GEOGRAPHICAL PROJECTIONS, 

TO ACXJOMPAirr 

KEITH- JOHNSTOIfS ATLASES OF 
PHYSICAL AND GENEBULL SCHOOL GEOGRAPHY. 

OOMFBIBINO 

THE WOBIJ) (on Mereato'i Pnjeetion)— EUB^S— AnA--A7BI0Ar-V0BTH AMXB2XUL— 

SOUTH AXEBIGA— THE BSITJIUl ISLES. 

With a Blank Page for hiying down the Meridians and Fburallels of any Map by the more 

advanced Pupils. 

Iw ▲ PoKiffOLio, PKum %a. ^^ 



u 



Stit^ Sn^nstmt'B (f Imnttoq %\\sm. 



NEW EDUCATIONAL WORKS, 



OPINIONS. 

Mn SomerviUe. 

I ilBeeKly ttaak you for the two tduMl-booki of geognphy wUeli yov haTStad the MndBMi to Miid ma. Tkfj 
Are so admirably exeented, that I eoniider the pnblieatlon of them aa Immtrtant lararofement <a the atady <tf !»- 
paphy. The " Atlas of Flqriical Oeography*" ai an lUoitratlon of what I hare deierlbed, li invalaalile. 

PxofiBMwr FiDaaa. 

I hare taa^t feopaphy more or Iom in the High Sdiool and Unlyenl^ of Idinhorfh fmr the laet-fiirty yean^ aad 
I hare no hesitation in saying, that I look upon the pnblleation of Mr Keith Johnston's '* General and Fhyristf 
School Atlases" as the greatest boon that has been conferred, in my time, on a branA of kaowledfe and of pahUs 
instruction whieh Is becoming erery day more important and more popolar. 

The Beotar and Hasten of tlie High Sohodl, Sdiabar^ 

The Beetor aad my other eoUeagaes unite with me in hereby tendering to ytra our best thaaka fi>r yoor handaoms 
present. We desire also to assure yon that we, after a oarelU examination ok the two pnblieationa, have ao hw ii a- 
tlon in pronouncing them, in point of beauty, aoeurasy, and cheapness, superior to any other thing of the kind whish 
we hare yet seen ; and we oonceire that teadiers owe you a heavy debt of gratitude for this admirable eontributloa 
to the means at present in use for fullitating, in their hands, the acquisition to their pupUaof two highly trnpottaat 
branches of knowledge—" General " and " Physical " Geography. (Signed) Jxo. Xaoiux&a», Idtr oHa m. 

Sdnoatioiial Times* 

They are as superior to all School Atlases within our knowledge, as were the larger works of the aaaae author in 
adranoe of those that preceded them. TheFloasin the Physical Atlas excite our warmest admiration Sw the dear- 
neas of the engraTing and the beauty of the oolonxlng. .... A more complete work to* edneattMial purpoaea aeTcr 
eame under oar obserration. 

Spectator, 

These two puUicationa are important eontrtbuUons to educational literature— distlngulihed for new matter aa 
weU as for abetter mode <rfpreMnting the old to the eye, and for ftdlitating refarenM^ which in maps la all la aU. 



Literaxy Oazettoi 

Kerer bflSwe haTO young stidents of geography had adrantages such as in these Atlases are presented. In erciy 
respect the refuirements of modem education are here met, and school-books are famished of a Und Car aupealor to 
the old-fMhioned maps from which a knowledge of the world and its countries used to be obtained. 

John BuU. 

The works now lying before us— exeoated with admirable clearness and aeeoraey— will enable tba yoatbftd 
student to make himself master of all the flusts of physical geography, of geology, geographical botany and aootagy, 
and of ethnology, which the indaitry of traTellers In all parts of the world has collected toge^er ; and tlw stady af 
geography will thus assume, in our schools and seminaries, that higher and deeply intererting i^BTffMtfr wM^aaa 
beaa imparted to it by the researches of modem science. 

Homing Adwertiaer* 

These elegant aad eoplons magaainea of geographical knowledge aad the eollateral subjects of phyaleal aslaaee^ 
are contributions te our academical dass-booka, worthy in erery respect of the great development whIeh aaodem 
research has effected in these important and interesting pursuits. .... Both books are porfact Tfliima of artaa 
atlases, and they will be found at usefU in training, as to the eye they are pleaslBg and utnMtfn. 

a yhy tt niw ^ 

Mr Johnaton, whose labours in this department of science have won him great renown, has, by the pnbUeatioB 
before us (the Btkool Physical Atlas) done much to flteilitate and encoorage the study of physioal geogriqdiy. .... 
It consists of eighteen beaatifal iUnstrations, exhibiting the leading natural clMncteristios of every portion ta the 
globe. .... Nothing could be better calculated to illustrate the various elementaiy treatises on physioal pfrcmj'^ 
whieh have lately appeared. 

The maps composing this 8<Aool Atlas (of General and Descriptive Geography), are distinguished by several polnta 
of superiority over those generally need la schools. .... The whole work is adapted to the present stata of faegrih 
phioal knowledge. 

JoQxnal of SduittiMii 

Decidedly the beat School Atlaaea we have ever seen. 

JoQxnal of the Soyal Gheogxaphieal Beeietyt 

has already done much to introdnce the study of phyi 

> Atlases of General and Physical Geography, for the ui 

to be followed by Atlases of Classical and Scriptural Gei|raphy, on the sa^p plan, the whole forming a meet viJuaUa 



Mr A. Keith Johnston, who has already done much to introdnce the study of phyaleal geography Into tUa eaaa- 
try, has recently published two Atlases of General and Physical Geography, for the use of schools. Thaaa wmIb are 



CO DO Touowea oy Auases ox Classical and Bcnpturai ueiiraphy, on the sa^p plan, the whole mrmlng a meet valuaUa 
addition to the Imperfect means hitherto possessed by the taariier for imparnng to our younger fUlow^eoantiTmaa a 
good knowledge of geography— the study <rf urMA has been Ittherto too mudi neglected in our publio scho<^ 

The Guaidiaa. 
AUofSther the beat Atlaa we have aeen for ita also and pricei 

Sootman* 

Tbeplui ofibete atlases la admirable, aad the exodlence of the plaa la rivalled by the beaatj of tiM ' 

. . . . 23to Aeet Mcoxiiiy /or the accuracy and Bubaiaailal value ot a wanQ\A\S»a is VI have it than the haada of a mi 
^f Mrr aa(h<M> who JuB perfected his skill by tae exeonUon ot mu<aL^»r«lK -w«c\a,«iDa.Bdfaw^ % Tihaa^giar wUdh I 
''*'' 00 mnAil aot to J«optLT^i»§, ^j ntta^^tri Kit »**™«> *** «»^\i>^ t^»k \* enkAt^ Awt^ , »» woiyatMaa^- 



Lately Published, 

THE PHT8IGAL ATLAS. 

REDUCED FROM THE IMPERIAL FOUO. 

FOB THE USE OF COLLEGES, ACADEMIES, AND FAMILIES. 

BY ALEX. KEITH JOHNSTON, F.R.8.E., fte. fte. 
This Edition contains Twenty-five Maps, indading a PAK£Oim)LOGlCAL and 
Geological Map of the British Islands. With Descriptiye Letterpress, and a 
very copious Index. In Imperial Quarto, handsomely bound, half-morocco, price 
£2, 12s. 6d. 

This Atlas is executed with remarkable care, and is as accurate, and, for all educational 
purposes, as valuable as the splendid laxge work (by the same autlior) which has now a Euro- 
pean reputation. — Bdectk Review. 

We do not remember a contribution to School Libraries, and to the resources of School and 
University Teacher, in all respects so important as the book now before us. — JBxamiMr. 



This day is published, price 4s., 

ElEHEITSOF 

PHT8IGAL AHD CLASSICAL GEOGRAPHT. 

OOMFBISnilO 

THE GEOGRAPHY OF THE ANCIENT WORLD, IN SCTFAR AS IT IS 
SUBSERVIENT TO THE UNDERSTANDING OF THE CLASSICS. 

BY .PROFESSOR PILLANS; 

Of the University of Edinburgh. ^ 

The great charm of the book oonmsts in the pure classical spirit with which eveiy page oi 
it is imbued. Not only does it contain an accurate and scholar-like account of countries, 
towns, and ger^^phicai positions, with which every reader of the classics is familiar, but it 
endears them to us, and imprints l^em indelibly on the memory, lay associating almost every 
mountain, town, and stream, with the brightest emanations of Boman poetical genius. . Sootm 
tUi £duo(Uional Journal. 

It is deserving of high praise, from the research and labour displayed in its oompositkni, 
and the originality of its design. — Sun. 



This day is published, YoL I., price 5s. bound in doth, 

THE CHEMISTRY OF COHON LIFE. 

By James F. W. Johnston, M.A., F.R.SS. L. & £., &o. 

Author of '* Lectures on Agricultural Chemistry and Geology,'* a " Catechism of Agricultonl 

Chemistry and Geology," Ike. 

CONTENTS OF TgE FIRST VOVJME. 

1. The AIB we Breathe.— ft The WATER we Brink.— 8. The SOI L we 
CnltiTate.— 4. The PLAHT we Bear«— 5. The JBBEA D we Ea t— 6. The BEEF 
we Cook.— 7. The BEVEBAaES we Xnfoie.— I. The SWEETS we Eztraot— 9. 
The LIQUORS we Ferment 

With Fifty-Jive lUuttrations, engraved on Wood, by Branston, &o. 

TO BE COMPLETEP IN TWO VOLUMES. 

So long as the elements of science are not made an essential portion of preliminary educa- 
tion, so long will books of the class of which this is a model type, be requisite in that sdf-edu- 
cation which eveiy man has to attain for himself. Professor Johnston has remarkable skill 
and tact in communicating a knowledge of profound principles in a clear and fasoinatlng man- 
ner. It is only such highfy gifted men as the author of this little manual that should be ner- 
mitted to popularise sdence ; for in their works, unlike those of x&st^ ^nai^^RgevSXk«K»rSa^ 
uni^ and accuracy wUch insures the pupil trom ^e «^ ot Yuk^^ vK!3^(^i2m%\A^E^^^cQj^jc 
volume wilJ make an invaluable reading Gla8&*\)ook, «xi^'«i^ «KPQafc>2ii T«««nssaR5oa.>s. -us^ 
puTpoa0.—Mfflith Journal (tf JUnoaHon. 



16 fc (Btotiottiil Wuh. 



EPITOME OF ALISOH'S HISTOBT OP EUEOFE, for the Use 

of Schools and Young Persons. Seventh Edition. Post 8vo. Ts. 6d. bound. 

" This is a masterly epitome of the noblest contribution whidi has been made to the his- 
torlo hterature of the present day. The epitomist has been worthy of the histoiy ; and the 
result is the production of a book, which is undoubtedly the very best and sidRrat book on the 
subject— for the use of schools and young persons — ^wbich has been published." — Hull PactH. 

*' A most admirable school-book."— Z^uMi* Eteninff Mail, 

" A capital piece of work, which, though primarily designed for schools and young per- 
•ons, will be found very useful to all, as a coup cFceU of tiie histoxy of Europe during one of its 
most important periods."— ^peetotor. 

AV ATLAS TO THE EPITOME OF AUSOFS HISTOBT OF EUSOP& 

4to, bound in cloth. Price 7s. 

A CATECHISM OF AGBICTTLTUEAL CHEHISTBT Aim GEO- 
LOGY. By James F. W. Johnston, F.R.SS.L. and £., Author of Lectures 
on Agricultural Chemistry and Geolo^/* &c. Thirty-second Edit. Price Is. 

" The extent to which this little Catechism has been circulated at home, its translation 
into nearly every European luutniage, and its introduction into the schools of Germany, Hul- 
land, Flanders, Italy, Sweden, Poland, and South and North America, while it has been grati- 
fying to the author, has caiised him to take additional pains in improving and <*^^i»g to the 
amoimt of useful information in the present edition."— Pr(/ao8. 

ELEMEirrS OF AGBICULTTJRAL CHEMISTBT Aim GEO- 
LOGY. By the same Author. Sixth Edition. Price 6s. 6d. 

DTTEODTJCTIOH TO THE WAITIHG OP GSEEK By Sir 

D. K. Sandfobd. a New Edition Price 3s. 6d. bound. 

BTJLES AND EXERCISES IN HOMEBIC AND ATTIC GBEEE ; 

to which is added a short System of Greek Prosody. By Sir D. K. Sandfobd. 
A New £dition. Price 6s. 6d. bound. 

EXTBACTS FBOM GBEEE AXTTHOBS, with Notes and a 

VOCABULART. By Sir D. K. Sandford. A New Edition, thoroughly revised 
by the Bev. W. Yeitch. Price 6s. bound. 

A TBEATISE ON LAND-STTBTETINO. By John A&udie. A 

New and Enlarged Edition, Embracing Railway, Military, Marine, and Geo- 
detical Surveying. Edited by W. Galbraith, M.A., F.B.A.S. In 8vo, with 
a Quarto Vol. of Plates. Price 21s. 

" The best book on surveying with whioih I am acquainted.**— Wnj.i am RnrHXBroBD^ 
LL.D., F.B.A.S., Soyal itaUary Acadtmy^ WooMch. , 

In the Piess, 

AN INTBODTTCTOBT TEXT BOOK OF GEOLOOT. Bj 

David Page, F.G.S. (To be published in August), 

A CATECHISM OF FBACTICAI AGBICTTLTTTBE. By 

Henry Stephens, F.B.S.E., Author of the ^ Book of the Famif" &o. 



WILLIAM BLACKWOOD AND SO^S, lX>Y&^\X«JStt AND LONDON. 

BOLD BY AiiLi booil^^:ia;sss^ 



